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When customers tell us their products and Drakenfeld colors 
seem to have a natural affinity for each other, we can only bow 
in gracious appreciation and pass the word along to you. 


A share of the same profitable experience can be yours, for 
once our technologists work out a color problem with you, 
that color is yours and ours for keeps. 


Drakenfeld technologists put into every color problem not 
only the priceless experience we have gained during the past 
73 years, but the latest scientific beoulieles as well. Add to this 
rigid control in every phase of color manufacture and you are 
assured of fewer rejects, savings in time, materials and profits. 


Find out how Drakenfeld can help you solve color problems, 
and attain faster, more economical production. Write today. 


B. F. DRAKENFELD & CO., Inc., 45-47 Park Place, New York, N. Y. 
Branch: Chicago, Ill. Works: Washington, Pa. 
Pacific Coast Agents: 
Braun Corp., Los Angeles Braun-Knecht-Heimann Co., San Francisco 


DEPENDABLE SERVICE ON 


Oxide Colors 
Body, Slip, and Glaze Stains 
Overglaze and Underglaze Colors 
Glass Colors 
Squeegee Oils and Mediums 


Gold, Silver, Platinum and Lustre 
Preparations 


Metallic Oxides and Chemicals 
Porcelain Balls and Linings 
Flint Pebbles . . . Mill Linings 
Supplies 


See our complete catalog in the Ceramic 
Data Catalog 


Oo T 
F H 
: 
: 
© 
oA, w 
, 
4 Dal 
« 
ah — 
H - = > 4 
2 


TABLE OF CONTENTS 


Volume 25 


THE JOURNAL 


January 15, 1942 


Number 2 


Properties of Ware versus Thermal History: I, Tests on Vitreous China Bodies and Ware................... 33-40 
By J. H. Koenig 

Properties of Ware versus Thermal History: II, Tests on Semivitreous China Bodies and Ware............ . 4148 
By J. H. Koenig 

Effect of Firing Treatment on Physical 48-50 
By P. C. McCollom and R. R. Danielso 

Effect of Set of Enamels on Hydrometer Readings of the Slip........... 51-52 
By H. L. Cook and C. H. Wolff 

Decrepitude of Old Bottles, Aging, Weathering, and Solarization, Compared with Use and Abuse............. 53-55 
By L. G. Ghering and F. W. Preston 

By Wayne E. Brownell and S. R. Scholes 

21—1 

Ceramic History—-Herman Mueller, a Charter Member of The American Ceramic Society............... 1-3 

Miniature Pottery and Its Potting—Margaret Steenrod Fetzer...... 12-14 


Armour Research Foundation, research staff 
appointments, p. 11. 


L., receives Penrose Medal, photo, 
p. 4. 


Central District Emamelers’ Club. See 
Enamelers’ Clubs. 
Association 


eeting program, 
Ceramics, substitution of, for asin . 8-9. 
Ceramic schools, lowa State Coll eramos 
installation, officers, p. Student 
Branch news, officers, p. 

Missouri School of Mines and Metallurgy, 
Dec. meeting, p. 7. 

New York State College of Ceramics, Dec. 
meetings of Student Branch and Ke- 
ramos, p. 7; news, p. 7. 

New York University, lecture series, p. 7. 

North Carolina, University of, Keramos, 
Nov. meeting, p. 7; Student Branch Nov. 


meeting, p. 7. 
Ceramists, defense of professional status, pp. 


INDEX TO ACTIVITIES 


am District Enamelers’ Club. See 
melers’ Clubs. 


Easter, G. J., —- of professional status of 
ceramists . 9-10. 
Eastern Ename lers’ Club. See Enamelers’ 


Club 
Enamelers’ Clubs, Centra! District, officers for 
1942, Feb. meeting announcement, p. 11. 
District, Dec. meeting program, p. 


named, officers for 1942, p. 11. 


Glass Division, nominations for officers, 
1942-1943, p. 5. 

Glassware, American design and manufac- 
ture, New York University lectures, p. 7. 

Greaves- Walker, A. F., report on annual meet- 
ing, National Council of State Boards of 
Engineering Examiners, p. 6. 


Industrial toll in 1940, p 


1942, p. 6. 
nominations for officers, 1942-1943, p. 6. 


report on annual meeting, Nationa! Council 
of of ngineering Exami- 
ners, p. 6. 


Lecal Sections, Northern California, fun 
festival, 5. 
St. Louis, fall meeting, p. 5. 
Members, membership workers’ record, p. 8. 
new, for December, p. 8. 


paid membership record, opposite p. 40. 
roster changes during December, p. 8. 


Necrology, Goodwin, C. F., photo, p. 5. 
Stone, CH biog.. pp 
New York } eramic Arts, lecture 


series, p. 11. 
Photographs, Bowen, N. L., Dp. 4. 


ew York University lectures, p. 7 
Substitution of ceramics for metals, pp. 8-9. 


White Wares Division, nominations for offi- 
cers, 1942-1943, p. 6. 


Publication 
Editorial, Executive a 


Advertising Offices: 


Entered as second-class matter at the post office at Easton, Pa., i the act of March 


bscription fifteen dollars ($15. 00) a year. 


Ofice: 20th & Northampton Sts., Easton, Pa. 
2525 N. High St., Columbus, Ohio 


Published twice monthly. 


Single $1.50 


(Foreign and Canadian postage, 50¢ additional on subscriptions) 
(Copyrig ) 


ht 1942, American Ceramic Society, Inc. 


‘ 
4 
q 
E 
q 
4 
| 
4 
Bowen, p. 4. 
Potte A me : x and manufacture, 
4 
Su 
4 


“Lancasier” Mixer, Symbol EAG, closed pan type fitted 
with self-contained full batch elevator hopper. ‘“‘Lan- 
caster’’ Mixers are available in seven unit sizes. 


Balanced mixing-mulling action to entire batch is assured through clockwise rotation of 
pan and counter-clockwise rotation of mixing tools off-center of pan. Note convenient centr 
valve tn pen for and cleus semevel of hetch. 


LANCASTER IRON WORKS, 


BRICK MACHINERY, DIVISION 


LANCASTER, PENNA., U.S.A 
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American Ceramic Society 


Lancatien Mixers 


ON THE HOME FRONT— 
In Step With The Rising Tempo Of 
Armament Production 


Spark-plugs, aircraft engines, cast armor plate, radio 
fittings, degaussing control equipment, fittings and bush- 
ings and bearings of powdered metal compositions—these 
and many of the items such as cutting tools, abrasive 
wheels, buffing compounds, welding electrodes, refractory 
products and others needed to produce the specialties for 
the vast Armament program of the Allies—are all products 
in which the scientific control of Lancaster Mixers is play- 


ing an important part. 


“Lancaster” Mixers have initiated an offensive of 
their own on the Home Front—an offensive against insuf- 
ficient supplies of needed equipment—an offensive 
against the man hours it takes to manufacture these sup- 
plies—an offensive against the cost of production. 


The “Lancaster’’ Mixers used are of standard design, all 
of which proves that their modern mixing principle is 
versatile, adaptable to individual processing needs and a 
dependable economy even under the duress of day and 
night service. 


When you think of mixing, think of “Lancaster” first, for 
“Lancaster” Mixers are first in the preparation of formulas 
ranging through Dry, Damp, Stiff-kneadable, Soft-knead- 
able and Slurry consistencies. 


Descriptive literature and recommendations submitted 
without obligation upon request. 


CASTER IRON WORKS, 


BRICK MACHINERY DIVISION 


ANCASTER, PENNA., U: 
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Glaze and Body 
en for Sprayi yng evening 
rits, Decorating 


Art 
and Mili Room Chemie 


GLASS 
Vitrifiable Catan tor Spraying and Screen- 


High Fire Con 
Low fie end Colon” White or Colored 
or 
ol 


ENAMEL 
Colors and Oxides; Smelter Oxides, Print- 
ing, Banding, Screening and 
Chemicals, and Mill Room Supplies. 


CERAMIC COLOR & CHEMICAL 
MFG.CO...NEW BRIGHTON, PA. 


Down where Quality in Glass Begins 


At the left is a grain of sand. Notice how the little 
particle of Solvay Dustless Calcined Potassium 
Carbonate compares in size with the grcin of sand. 

That these two particles do compare in size is 
today a very important factor to many manufac- 
turers of quality glass products . . . important 
enough to have brought about revolutionary 
changes in both economy and quality of their glass 
production! 

Solvay Dustless Calcined Potassium Carbonate 
was a major development for the glass maker. It 
makes “homogeneous” mixing with other batch 
constituents possible, producing better and finer 
glass. Because it is dustless, it minimizes damage to 
expensive fire brick and other equipment and elimi- 
nates a serious nuisance to workers. And not the 
least Of its advantages is the fact that its use results 
in important production economies through better 
heat transfer and prevention of product losses 
through dusting. 


SOLVAY SALES CORPORATION + 40 RECTOR ST., NEW YORK, N.Y. 


Solvay Dustless Dense Soda Ash e Solvay Granular Hydrated Potassium Carbonate 


SOLVAY DUSTLESS CALCINED POTASSIUM CARBONATE 98-100% 


“High Heat 
ina 
Hurry!” 


In research testing of clays and glazes 
. ...in development work on enamels, 
glass, and similar products ... . the 
RIGHT answer to important questions 
is most easily, most quickly, and most 
economically found by the use of 
Keramic Test Kiln No. 100. 


Cone 11 (2462° F.) can be reached from 
a cold kiln in 6 hours using 800 B.t.u. 
gas—avg. gas consumption is 260 cu. ft. 
per hour. Muffle is 14” dia. and 17’ 
high; effective door opening is 9” x 13’. 
Multiple tube muffle. Super-arch con- 
struction. Burners to meet any local 
condition. Rugged and dependable. 


Here’s a “‘specialist”’ for your most 
exacting work. Write for complete in- 
formation—today! 


The 
DENV aR FIRE CLA 


DENVER, COLO., U.S. A. 
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ARE YOU WORKING ON A RESEARCH 

PROBLEM? WOULD YOU LIKE TO 

PRESENT YOUR FINDINGS TO THE 
MEMBERS OF THIS SOCIETY? 


IF SO 


please notify the Papers & Program Chairman of the Division in which 


your paper should be scheduled (Chairmen listed below) that you wish to 
present your paper at the FORTY-FOURTH ANNUAL MEETING of 
The American Ceramic Society the WEEK OF APRIL 19, at CINCIN- 
NATI, OHIO. Also assure him that you will send the TITLE and AB- 
STRACT of your paper by March 1. 


COMPLETE PROGRAM TO BE ISSUED APRIL 1, 1942 


ART: H. S. Nash REFRACTORIES: W. R. Kerr, 
University of Cincinnati, Armstrong Cork Co., 
Cincinnati, Ohio Beaver Falls, Pa. 
ENAMEL: Karl Kautz, 
11 Elm St., STRUCTURAL 
Burgettstown, Pa, CLAY PRODUCTS: R. L. Stone, 
GLASS W. C. Taylor 
Works tate College Sta., 
Raleigh, N. C. 
—— J. R. Kauffman, 
Allied Engineering Co., WHITE WARES _ J. R. Beam, 
EQUIPMENT 29 Highland Dr., 226 Euclid Ave., 
Milltown, N. J. New Castle, Pa. 
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MONTGOMERY PORCELAIN 
PRODUCTS COMPANY 


Primary Protection Tubes for 
all makes of Pyrometers 


MONTGOMERY 


PYROMETER TUBES 


* CORUNDUM 
* MULLITE 
%& REFRACTORY PORCELAIN 


MONTGOMERY PORCELAIN PRODUCTS ¢ CO. 


FRANKLIN 


QUALITY COLORS 


for 
QUALITY WARE 


Whether your requirements are 
large or small, we take the 
same painstaking care to 
serve you promptly and 
efficiently. Write us 
on any problem 


involving ce- 


ramic color. 


COLORS — CHEMICALS — SPECIALT! 


THE VITRO MANUFACTURING CO. 


CORLISS STATION PITTSBURGH, PA. 
16 Califernia $t., San Francisco, Calif. 
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CONSERVE TIN 
AND ANTIMONY FOR DEFENSE 


HOW ZIRCON FRITS* AND TAM ZIRCONIUM 
OPACIFIERS SAVE TWO VITAL METALS 


The increasing need for Tin and Antimony in defense manufactur- 
ing has emphasize? the possibilities of the wider use of Zircon 
Frits and TAM Zaconium Opacifiers in Ceramic Ware, Vitreous 
Enamel Ware, Brick and Tile products. Many manufacturers, who 
are heiping to conserve Tin and Antimony, report that Zircon Frits 
and TAM Zirconium Opacifiers are not only easy to use and eco- 
nomical, but improve the preducts. A TAM field-trained Ceramic 
Engineer is available, without obligation, for consultation. Write: 


ZIRCONIUM TITANIUM 
PRODUCTS 


GENERAL OFFICES AND WORKS: NIAGARA FALLS, N. Y., U. S. A, 


EXECUTIVE OFFICES: 111 BROADWAY, NEW YORK CITY 
Representatives for the Pacific Coast States + « « &. BUTCHER COMPANY, Los Angeles, San Francesco, Portiend, Seattle 
Representatives for Europe . . UNION OXIDE & CHEMICAL CO., Ltd., Plontation House, Fenchurch St. Londen, C., 
% "The Porcelain Enamel & Mfg. Co., Baltimore, Maryland; Chicago Vitreous Enamel Product Co., Cicero, Illinois; Ingram-Richardson Mfg. Co. 
of Indiana, Inc., Frankfort, Indiana: and American Porcelain Enamel Co., Muskegon, Michigan are licensed under U. S. Patents No. 1,848,567 
and 1,944,938 held by the Titanium Alloy Manufacturing Company, and other patents pending, for the manufacture of zircon type enamel frits.”’ 
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McDANEL REFRACTORY PORCELAIN COMPANY 


BEAVER FALLS PENNSYLVANIA 


THREE ELEPHANT 


PAT. OFF. REC. PAT. OFF. 


AND BORIC ACID 


GUARANTEED OVER 99.5% 
AMERICAN POTASH & 


70 Pine Street, 


PURE 


CHEMICAL CORPORATION 


FOR EVERY CERAMIC NEED 
UNITED. CLAY. MINES 


TRENTON... . NEW JERSEYs 


CLAYS 


Tunnel, Truck and Humidity Dryers 


for— Dry Pressed Electrical Porcelain 
Voltage Electrical Porcelain 


Porcelain 


Floor 
Abrasive Wheels 
$ an 
Also Stove a and Mangles for 
General Dinnerware 


The Largest Builders of Drying Machinery for Industry 
Seventh Street & Tabor Road, Philadelphia, Pa. 


PROCTOR & SCHWARTZ, INC. 


FOR CLAY FILTRATION 


METAKLOTH 


(green) 


Siivakiotn 


The oldest and best cupra-ammonium finish for 


|THE PORCELAIN ENAMEL & MFG. CO. 
"Porcelain Enamels, Frits, Coloring Oxides and Supplies: 
-PEMCO AND EASTERN AVES., BALTIMORE, MD. 


POTTERY FILTER FABRICS. 


This finish gives the fabric a smooth, lustrous, 
metallic surface—no fibres to catch and break the 
clay cake as it comes away in one perfect piece— 
filters better and faster than untreated clot re- 
quires fewer washings and is easier to keep clean— 
more continuous operation of your press—lower 
labor costs and a larger and better product with the 


same machinery. 
The fabric is mildew ed—has an increased 


proof 
tensile strength—has a longer useful life. 
This means larger profits for you. 
Consult your bag manufacturer or write to, 


Metakloth Company, Lodi, N. J. 
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CERAMIC HISTORY 


HERMAN MUELLER 
A Charter Member of The American Ceramic Society 


Herman Mueller left public school at the age of fourteen 
and was sent to Nuernberg to the School of Industrial Arts, 
where he remained for two years; he then attended the 
Academy of Fine Arts in Munich for a year and a half. 

While in Munich, he contracted typhoid fever and was 
seriously ill for a long time. Upon his recovery, the doctor 
advised him to return to his home in Rodach and to walk 
as much a day as possible and rest between times. 


He decided to take the doctor’s advice and go home. 
When he left Munich, however, he made a slight detour 
and walked to Strassburg, where he secured employment as 
a sculptor for a short time. He started out again by foot 
down the Rhine to Cologne; from there he went to Bremen, 
Kiel, and Hamburg. In Hamburg, he secured work to his 
liking with a sculptor and remained there for some 
time. 
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After saving a little money, he started walking for home 
again, but decided on another slight detour which took him 
to Prague and Vienna. The World’s Fair was being held 
in Vienna and he wanted to see it, so he stayed in Vienna 
for a while. He admired and often talked about the 
beautiful blue Danube which flows by Vienna. He later 
obtained passage on a barge which took him to Budapest, 
Hungary; he carved a figurehead for the barge for his fare. 
In Budapest, he could not find any work, so he decided to 
resume his walking toward home. He walked from Buda- 
pest to Saltzburg, where he found work with a fine sculptor. 
Here he remained until he was called home for military 
duty at the age of twenty-one. After serving two years in 
the Army in Coburg, he was discharged with the rank of 
corporal. After working for a short time in Coburg, he 
decided to come to America. 

On arriving in America in 1875, he went to Cincinnati 
and started making tombstones and sidewalks of cement, 
a material about which very little was then known. He 
then left this business to accept a position as a modeler 
in a terra-cotta factory in Indianapolis, Indiana. Some 
time later he accepted a contract to sculpture some statues 
for the four faces of the Indiana State House. The 
statues, depicting various historical periods, were to be 
cut in sandstone on a scale slightly larger than twice life 
size. 

While carrying out this assignment, Mr. Mueller re- 
ceived an offer in 1886 to become associated with the Ameri- 
can Encaustic Tiling Company, Zanesville, Ohio, and 
help build a new factory for them. He remained with 
this Company until 1893, when he and Karl Langenbeck 
started the Mosaic Tile Company, Zanesville, Ohio. Here 
he stayed until 1903. (Mr. Langenbeck was also a Charter 
Member of The American Ceramic Society. His photo 


Mr. Mueller standing in the nearly completed pool at the Hotel Chamberlin, Old Point Comfort, Va. 


appeared on the cover of the October, 1938, Bulletin 
shortly after his death in September, 1938.) 

About 1897, Mr. Mueller was awarded the John Scott 
Medal by the Franklin Institute in Philadelphia for his 
industrial contributions to the United States and particu- 
larly to the tiling industry. 

In 1903, he went to Morrisville, Pennsylvania, where he 
accepted a position as superintendent for the Robertson 
Art Tile Company. Here he established the manufacture 
of ceramic mosaic (the Company had previously confined 
its product to glazed wall tile). 

T. R. Cheyney, treasurer of the Robertson Art Tile 
Company, makes the following comments concerning Mr. 
Mueller in a letter dated October 30, 1941: 

“‘Mr. Mueller was a ‘super’ tile salesman. He brought 
to the attention of our Company his ideas for applying 
ceramic mosaic to the veneering of swimming pools, sur- 
rounding walks, and wainscots. The product was an im- 
mediate success and, with the aid of Mr. Mueller, the first 
installation was made in the Hotel Chamberlin, Old Point 
Comfort, Virginia, which burned several years ago. Mr. 
Mueller not only conceived the idea but personally de- 
signed the treatment and supervised the work through a 
tile contractor.” 

In 1908, Mr. Mueller started his own business, the 
Mueller Mosaic Tile Company, in Trenton, New Jersey. 
He remained as president of this Company until he died, 
at the age of eighty-seven, on September 21, 1941. 


Diverse Interests 

Mr. Mueller was always a great lover of music and was 
generously gifted with a rich bass-baritone voice. He 
sang in many concerts and in operas in Indianapolis, Cin- 
cinnati, St. Louis, and Milwaukee, and was well known in 
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musical circles both in America and in Germany. Victor 
Herbert and Robert Thallon were among the friends who 
frequently visited him. Although he sang with profes- 
sional artists, he sang as an amateur and for his own pleas- 
ure. He delighted particularly in singing roles in such 
Gilbert and Sullivan operas as ““The Mikado” and “H.M.S. 
Pinafore.” 

One of his greatest and life-long interests lay in the field 
of education. He served as president of the Trenton Board 
of Education for many years and was the instigator of the 
jusior high school system of education, which enables 
studeuts who plan a vocational rather than an academic 
future to become acquainted with the rudiments of the 
various crafts and practical arts. 

In January, 1910, the Governor of New Jersey ap- 
pointed Mr. Mueller a member of the board of trustees of 
the School of Industrial Arts of the City of Trenton. He 
was elected president of this school in April, 1929. 


Article from Flooring 

The following article, which appeared in the October, 
1941, issue of Flooring, gives added insight into the 
character and personality of Mr. Mueller. 

Trained in his youth as a sculptor, Mr. Mueller’s ap- 
proach to the manufacture and installation of tile was 
consistently that of the artist. He looked on tile primarily 
as an artistic medium, though his views were usually tem- 
pered by practical considerations and were never marked 
by an uncompromising attitude toward the final emergence 
of most tile as a mass-production, machine-made product. 

Possessing, in addition to his creative talents, the ability 
to impress architects and building owners with the virtues 
of tile, Mr. Mueller is today credited with having pioneered 
many of the major uses of this material. According to 
a number of tile men who have studied the development of 
their industry, it was his convincing personality and sales- 
manship that led to the first swimming-pool tile installa- 
tion in this country. 

This installation, marking a departure from the previ- 
ously general use of concrete on pool bottoms and sides, 
was made in the Hotel Chamberlin at Old Point Comfort, 
Virginia, a fashionable rendezvous of old Southern families 
during the ‘‘Gay Nineties.” 

It is generally agreed that Mr. Mueller was also the first 
to suggest, at least with sufficient authority to see the 
widespread adoption of the idea by architects and build- 
ers, the use of tile as an enriching, embellishing material 
for the plain brick or stucco fronts of buildings. One of the 
first fagades to be so decorated was that of the Hotel 
Stratford in Bridgeport, Connecticut. 

Although his artistic influence and forceful personality 
will probably be missed in all sections of the tile industry, 
their absence will likely be felt with especial keenness at 
national conventions of the Tile Contractors Association, 
at which he was a prominent figure for many years. He 
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was often a speaker at these gatherings and, while a certain 
tendency to reminisce in the “good old days’”’ manner 
might have been condoned in a man so long in the industry, 
his talks were always timely and forward-looking. 

A revealing demonstration of the youthful spirit that 
went far toward gaining him the industry’s affection was 
his custom of dancing a waltz at each yearly meeting of the 
Association. No convention, until the past few years at 
least, was considered complete until Mr. Mueller had done 
his annual Terpsichorean turn. 

Usually acknowledged the preeminent authority on all 
matters pertaining to design in his branch of the construc- 
tion industry, Mr. Mueller was at times called on for ex- 
pert testimony in the courts, usually bringing out facts 
from a vast store of knowledge that swung decisions defi- 
nitely to one side or the other. 

On one such occasion, two linoleum manufacturers 
were engaged in a lawsuit in a Trenton court over 
the rights of certain designs shown in the catalogue of the 
defendant. 

Mr. Mueller, who was at the time a member of the 
Trenton Board of Education, was invited by the judge to 
sit with him on the bench, and later, during the progress of 
the trial, asked him to take the witness stand. He then 
inquired of Mr. Mueller which litigant, in his judgment, 
had the right to exclusive use of the designs in question. 

“It seems to me,”” Mr. Mueller replied, ‘that they have 
both copied them from my catalogue. But I don’t con- 
template any action, because I copied them from the 
Egyptians!” 

At one of his last appearances before a public audience, 
at a symposium of the New York Society of Ceramic Arts at 
the Metropolitan Museum in 1939, Mr. Mueller strongly 
urged that greater emphasis be given to the artistic values 
of tile within the industry itself and in its dealings with 
architects und building owners. 

‘‘We know,” he declared at that time, “that the tile in- 
stalled sometimes in fine houses is a duplicate of the tile 
in the washroom of a saloon. Architects may specify what 
they want, but there are so many who come in to chisel, to 
tell them, ‘This is just as good.’ They show them a tile 
that glitters and say, ‘This is nicer than that.’ The archi- 
tect may sometimes protest, but ignorance beats him. 
The answer is education—teaching people what really con- 
stitutes art. 

“‘Ask these people who are so efficient in pumping out a 
lot of tile whether they are making any money,” he went 
on. ‘They are breaking up. An artist has an advantage 
if he has ambition and works constructively. The man 
who depends on a machine needs money. If the other 
fellow has more money, he can do more by buying more 
and better machinery. I am not talking against the ma- 
chine. I invented some myself. But I don’t want to leave 
art, like Cinderella, sitting in front of the fireplace for- 
ever.” 
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N. L. BOWEN RECEIVES PENRCSE MEDAL 


The Penrose Medal, the most important recognition of 
merit in the field of geology, has been awarded to Norman 
L. Bowen, professor of geology, University of Chicago, 
Chicago, Illinois, ‘‘in recognition of his achievements in the 
application of the principles of physical chemistry to the 
study of the origin of igneous rocks.” 

Dr. Bowen, who is fifty-four years old, is the youngest 
scientist to receive this award. It was presented to him 
by the Geological Society of America on December 30, 
1941, at the annual meeting of that society in Boston, 
Massachusetts. 

Dr. Bowen was graduated from Queen’s University at 
Kingston, Ontario, Canada, and received his Doctor of 
Philosophy degree from the Massachusetts Institute of 
Technology. Before becoming associated with the Uni- 
versity of Chicago in 1937, he was a field geologist for the 
Canadian Geological Survey and a member of the staff 
of the Geophysical Laboratory of the Carnegie Institution 
of Washington, Washington, D. C. 

Although Dr. Bowen is not a ceramist and is not a mem- 
ber of The American Ceramic Society, he has taken a deep 
interest in The Society and has, through his publications and 
experiments, contributed greatly to the advancement of 
ceramics. During the last World War, Dr. Bowen, as a 
supervisor of optical glass production for the War Indus- 
tries Board, carried on work that was recognized as of 
prime military importance. He was also co-discoverer of 
mullite, a basic constituent of fire-clay refractories. 


During Dr. Bowen’s association with the Geophysical 
Laboratory, he was the author of eighty-five technical 
papers. The extent to which his work bore on ceramic 
subjects is shown by the following list of papers on re- 
factories, glass, glazes, water glass, and slags. 


(With Olaf Andersen), “Binary System MgO-SiO:,”’ 
Amer. Jour. Sci., [4], 37, 487-500 (1914) ; German transla- 
tion, ‘‘Binare System Magnesiumoxyd-Silicium-—2-oxyd,” 
Z. anorg. Chem., 87, 283-99 (1914). 
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“Crystals of Barium Disilicaté in Optical Glass,” Jour. 
Wash. Acad. Sci., 8, 265-68 (1918). 

“Identification of ‘Stones’ in Glass,’”’ Jour. Amer. Ceram. 
Soc., 1, 594-605 (1918). 

“‘Devitrification of Glass,”’ ibid., 2, 261-78 (1919). 

“Tridymite Crystals in Glass,”” Amer. Mineralogist, 4, 
65-66 (1919). 

“Optical Properties of Anthophyllite,” Jour. Wash. 
Acad. Sci., 10, 411-14 (1920). 
in Silicate Melts,”’ Jour. Geol., 29, 295-317 

1). 

(With G. W. Morey), “Melting of Potash Feldspar,” 
Amer. Jour. Sci., [5], 4, 1-21 (1922). 

(With J. W. Grieg), ““System Al,O;-SiO,,”’ Jour. Amer. 
Ceram. Soc., '7, 238-54 (1924). 

(With J. W. Greig and E. G. Zies), ‘‘Mullite, a Silicate of 
Alumina,’ Jour. Wash. Acad. Sci., 14, 183-91 (1924). 

(With G. W. Morey), ‘‘Binary System Sodium Metasili- 
cate-Silica,”” Jour. Phys. Chem., 28, 1167-79 (1924). 

(With G. W. Morey), ‘““Turnary System Sodium Meta- 
silicate—Calcium Metasilicate—Silica,”” Jour. Soc. Glass 
Tech., 9, 226-64 (1925). 

(With R. W. G. Wyckoff and J. W. Greig), ‘“X-Ray 
Diffraction Patterns of Mullite and Sillimanite,”” Amer. 
Jour. Sci., 11, 459-72 (1926). 

(With G. W. Morey), ‘‘Decomposition of Glass by Water 
at High Temperatures and Pressures,” Jour. Soc. Glass 
Tech., 11, 97-106 (1927). 

(With F. C. Kracek and G. W. Morey), ‘‘System Potas- 
To Metasilicate-Silica,” Jour. Phys. Chem., 33, 1857-79 

1929). 

(With G. W. Morey and F. C. Kracek), ‘‘Ternary System 
K,O-CaO-SiO,” (with correction), Jour. Soc. Glass Tech., 
14, 149-87 (1930). 

(With J. F. Schairer), ‘“‘“System FeO-SiO.,” Amer. Jour. 
Sct., 24, 177-213 (1932). 

“Crystals of Iron-Rich Pyroxene from a Slag,” Jour. 
Wash. Acad. Sci., 23, 83-87 (1933). 

“Vogtite, Isomorphous with Wollastonite,” ibid., pp. 


—94. 

(With J. F. Schairer and E. Posnjak), ‘“‘System Ca,SiO,- 
Fe:SiO,,”’ Amer. Jour. Sci., 25, 273-97 (1933). 

(With J. F. Schairer and E. Posnjak), ‘System CaO- 
FeO-SiO:,” ibid., 26, 193-284 (1933). 

(With J. F. Schairer), ‘“System MgO-FeO-SiO,,”’ ibid., 
29, 151-217 (1935). 


NECROLOGY 
C. H. STONE, JR. 


Charles H. Stone, Jr., a chemical, ceramic, and mining 
engineer of Cleveland, Ohio, died suddenly of heart trouble 
on October 21, 1941, at the age of seventy-one. 

In 1894, Mr. Stone received a Bachelor of Science degree 
in Chemical Engineering from the Case School of Applied 
Science, Cleveland, Ohio. Following his graduation, he 
took some work at the Cleveland College of Physicians 
and Surgeons and at the University of Michigan. In 1895 
and 1896, he was assistant to Dr. C. F. Mabery at the Case 
School and also worked with Dr. A. W. Smith and Dr. 
P. L. Hobbs, who at that time were state chemists for 
Ohio. 

In 1920-1921, Mr. Stone was research chemist for the 
Union Carbide Company in Cleveland, Ohio, where he 
worked on zirconium, titanium, and beryllium. He was 
later vice-president and general manager of the Romega 
Clay Products Company of Rome, Georgia; in 1927-1928, 
he did research work for the Vitrefrax Corporation in Los 
Angeles, California. From 1928 through 1933, Mr. Stone 
was associated with the Glascote Company of Cleveland, 
Ohio, first as research director and then as vice-president 
in charge of production. Since that time he had been in 
consulting work and, at the time of his death, he was in- 
vestigating magnesium and cobalt properties for se 
corporations. 
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R. D. Landrum, of the Harshaw Chemical Company, 
Cleveland, Ohio, speaks of Mr. Stone as follows: “ 
who knew Charlie were benefited by his cheerful disposi- 
tion and his keen sense of humor. He was unusual, par- 
ticularly in his tremendous energy and in his ability to 
adapt himself to conditions even when they were adverse. 
Probably his main urge in life was to be helpful to others.” 

Mr. Stone was a member of The American Ceramic 
Society from 1921 through 1931. 


CHARLES F. GOODWIN* 


Charles F. Goodwin, secretary-treasurer of the United 

States Potters Association, East Liverpool, Ohio, died sud- 
denly of a heart attack on December 11 while attending 
the annual meeting of the Association in Cleveland, Ohio. 
He had been suffering from a heart ailment for several 
months, but had gone to Cleveland in spite of this to make 
arrangements for the meeting. » 
- Mr. Goodwin was a descendant of one of the pioneer 
potters of East Liverpool. John Goodwin, his grand- 
father, received his pottery experience in England and 
came to the United States in 1842. Two years later, he 
settled in East Liverpool and worked in the pottery of 
James Bennett and in the plant of Benjamin Harker. 

Upon the death of John Goodwin in 1875, a business 
which he had established was taken over by his sons, 
James, George, and Henry Goodwin. The Goodwin 
Brothers Pottery Company was incorporated in 1893. 

Charles F. Goodwin was a son of James Goodwin and 
was born August 1, 1874, in East Liverpool. While 
still a young man, Mr. Goodwin and his brother, the late 
John S. Goodwin, entered the business established by 
their grandfather. He was active in the pottery until 
about 1911, when the Company discontinued operations. 

Mr. Goodwin was elected secretary-treasurer of the 
United States Potters Association on June 4, 1912, suc- 
ceeding John T. Cartwright, who died that year. He had 
held this office continuously since that time and, while on 


* Excerpts from The East Liverpool Review, December 11, 
1941. 


his deathbed, was re-elected to this office for his thirtieth 
year. 

Because of his many years with the business, perhaps no 
man was better informed about the problems of ceramic 
manufacturing than Mr. Goodwin. He was a member 
of all committees of the United States Potters Association 
by virtue of his office and was one of the manufacturers’ 
representatives at all wage parleys and conferences since 
he assumed the office. 

Mr. Goodwin also once served on the Board of Educa- 
tion in East Liverpool. 

He leaves his widow and two sons. 


Charles F. Goodwin 


ACTIVITIES OF THE SOCIETY 


NORTHERN CALIFORNIA SECTION 


The annual fun festival of the Northern California Sec- 
tion was held on December 8, 1941, at the Coit Hotel, 
Oakland, Calif. Everyone enjoyed the turkey dinner, 
the group of impersonations given by Russell Ross, and 
the hidden talent Al Adcock uncovered from the midst of 
the regular group of members. The showing of the Fred 
Waring sound movie, ‘“Tobacco Time,” added the finishing 
touch to an evening of fine entertainment. 

—R. OLDEN, Secretary 


ST. LOUIS SECTION 


A dinner meeting of the St. Louis Section was held at 
Joe Garavelli’s Restaurant in St. Louis, Mo., on Decem- 
ber 4, 1941. Fifty-seven persons were in attendance. 

The following program was presented after dinner: 

(1) “Prospecting, Developing, and Mining Semiplastic 
Fire Clay in Missouri” by R. S. BrRapLey, director of re- 
search, A. P. Green Fire Brick Co., Mexico, Mo. 

(2) “Use of the Electropode for Analyzing Alkali 
Content of Ceramic Materials’? by W. J. SmorTHeErs, 
graduate assistant in physics, Missouri School of Mines and 
Metallurgy, Rolla, Mo. A discussion of this paper was 
presented by Paul G. Herold, head of the Department of 
Ceramic Engineering, Missouri School of Mines and 
Metallurgy. 


(1942) 


(3) Sound film, “Manufacture of Plate Glass’’ by the 
United States Bureau of Mines. 

After the showing of the picture, H. H. Hanna, chairman 
of the Section, read a letter received from R. C. Purdy, 
General Secretary of The American Ceramic Society. 

P. S. Trowbridge, acting for L. C. Hewitt, chairman of 
the Nominating Committee, submitted a request for the 
re-election of the present officers. When it was learned, 
however, that acting vice-chairman L. A. Kimberling was 
leaving the Section because of a new position with an 
eastern company, Henry Meyer, St. Louis Steel Castings 
Co., St. Louis, Mo., was nominated and unanimously 
elected vice-chairman in his place. 

—J. H. Ivery, Secretary 


GLASS DIVISION NOMINATIONS FOR 
1942-1943 

Chairman: W. C. Taytor, Corning Glass Works, Corn- 
ing, New York. 

Vice-Chairman: C. W. Parmeter, Department of Ce- 
ramic Engineering, University of Illinois, Urbana, Illi- 
nots. 

Second Vice-Chairman: J. F. Greene, Kimble Glass 
Company, Vineland, New Jersey. 

Secretary: S. R. Scuoies, New York State College of 
Ceramics, Alfred, New York. 
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WHITE WARES DIVISION NOMINATIONS 
FOR 1942-1943 

Chairman: F. C. Henperson, Hall China Company, 
East Liverpool, Ohio. 

Secretary: J. R. Beam, Universal Sanitary Manufactur- 
ing Company, New Castle, Pennsylvania. 

Commitiee A: S. J. McDowsti, American 

Lava Corporation, Chattanooga, Tennessee. 

Nominating Committee B: H. W. Turemecxe, Homer 

Laughlin China Company, Newell, West Virginia. 


INSTITUTE OF CERAMIC ENGINEERS 


Executive Committee 


President: E. H. Fritz, Westinghouse 
Electric & Mfg. Co., Derry, Pa. 

Vice-President: H. M. Kraner, Beth- 
lehem Steel Co., Bethlehem, Pa. 

Secretary: H. B. DuBors, Consolidated 
Feldspar Corp., Trenton, N. J. 

Past-President and Trustee Representa- 
tive: H. G. Worrram, Porcelain 
Enamel & Mfg. Co., Baltimore, Md. 

Past-President: A. F. Greaves-WALKER, Dept. of Ceramic 
Engineering, Univ. of North Carolina, Raleigh, N. C. 


NOMINATIONS FOR OFFICERS, 1942-1943 
President: H.M. Kraner, Research Department, Beth- 
lehem Steel Company, Bethlehem, Pennsylvania. 
Vice-President* 
H. B. DuBors, Consolidated Feldspar Corporation, 
Trenton, New Jersey. 
R. K. Hursn, Department of Ceramic Engineering, 
University of Illinois, Urbana, Illinois. 
Secretary* 


H. G. , Se New York State College of Ceramics, 
Alfred, New York. 


BUDGET FOR 1942 


RESOURCES AND PROBABLE INCOME 
Estimated Balance, December 31, 
1941 $850.00 
Assessment, $2.00 per Member 660.00 


TOTAL $1,510.00 


EXPENSES 
Traveling Expenses 
A.I.M.M.E. Meeting $ 85.00 
S.P.E.E. Meeting 105.00 
N.C.S.B.E.E. (State 
Board of Examiners) 100.00 


TOTAL $290.00 
Contribution to 

N.C.S.B.E.E. $ 25.00 
Printing 75.00 
Postage 50.00 
Stenographic Service 25.00 
Contingent Fund 25.00 


TOTAL 200.00 


490.00 


Estimated Balance, December 31, 1942 $1,020.00 


* One to be elected. 


REPORT ON ANNUAL MEETING 
NATIONAL COUNCIL OF STATE 
BOARDS OF ENGINEERING 
EXAMINERS 


The annual meeting of the National Council of State 
Boards of Engineering Examiners was held in New York, 
N. Y., October 27 to 30, 1941. The principal topics dis- 
cussed at the meetings were (1) the need for increasing 
the income of the Council, (2) the development of a more 
professional attitude on the part of all engineers and partic- 
ularly on the part of young graduates, (3) a requirement 
that all engineers subscribe to a code of ethics as the medi- 
cal doctors and lawyers do, and (4) increasing efforts to have 
all qualified engineers registered whether in or Out of indus- 


try. 

Reports of the various boards indicate an increasing 
number of prosecutions for breaches of the licensing laws, 
particularly in the use of the title ‘“engineer’’ by those not 
holding licenses. 

There are now over 70,000 engineers registered in the 
United States. During the past year, Delaware, Massa- 
chusetts, Missouri, and Illinois have passed licensing 
laws. The act in Illinois does not go into effect until 1943. 
In all of these states, ceramic engineers may be licensed as 

“professional engineers.’ 

In this connection, eligible ceramic engineers residing 
in the above-named states should obtain licenses under 
the “Grandfather Clauses.’ Under these clauses, appli- 
cants are not required to take oral or written examinations. 
Licenses are issued for a limited period on the basis of 
length of service and experience. 

Although ceramic engineers holding industrial positions 
may not consider it worth while to obtain a license, it may 
become a valuable asset if they move into other states 
where a license may be necessary. Although reciprocity 
among the states is not general, many states do reciprocate 
and, in the others, the holding of a license makes it much 
easier to obtain professional’status. 

The secretary of the Michigan State Board advised 
that ceramic engineers would be eligible for licensing. 
Michigan is one of the states which heretofore has refused 
to license ceramic engineers. 

The State Board of West Virginia does not register 
ceramic engineers, but a member of that Board stated that 
it was “softening up’’ somewhat. 

The State Board of Virginia requested that we have a 
representative present at its next meeting on January 19, 
at which time ceramic engineers may be granted recogni- 
tion. It desires further information, however, before act- 
ing. The law in Virginia does not include ceramic engi- 
neers and the Board is at a loss as to how to classify them 
within the law. 

In South Carolina recently, the Board found it necessary 
to license a ceramic engineer as a mechanical engineer. 
The president of the Board stated that the applicant had 
no difficulty in qualifying as such. 

The 1942 meeting of the National Council of State 
Boards will be held in Indianapolis, Indiana, and the 1943 
meeting well be held in Phoenix, Arizona. 

—A. F. GREAVES-WALKER, Chairman, 
Committee on State Boards 
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CERAMIC SCHOOL NOTES 


UNIVERSITY OF NORTH CAROLINA 


Student Branch 

Approximately fifty members were present when the 
freshmen and several sophomores were initiated as associ- 
ate members at the November meeting of the North Caro- 
lina Student Branch. After the ceremonies, the new mem- 
bers were entertained at the annual Halloween party which 
was held in the ceramic laboratories. 

At the business meeting held at the same time, Presi- 
dent Charles Taylor appointed H. L. Miller and P. P. 
Turner as members of the Program Committee and R. J. 
Smith, Jr., was put in charge of publicity. 


Keramos 

The following students were initiated into the North 
Carolina Chapter of Keramos at the November meeting: 
Cc. V. Rue, G. D. Martin, R. J. Smith, Jr., E. C. Hepler, 
C. N. Kimball, R. B. Bickerstaff, and J. E. Partlow. Fol- 
lowing the impressive initiation ceremonies, with President 
H. L. Miller in charge, the chapter held its annual General 
Edward Orton, Jr., memorial banquet at the Woman's 
Club. A. F. Greaves-Walker, who had just returned from 
installing the Iowa Chapter of Keramos, was the principal 
speaker. He told of General Orton's life, his establish- 
ment of the first department of ceramic engineering at 
Ohio State University, and his influence on his students. 
Professor Greaves-Walker also gave a brief history of 
Keramos. 


IOWA STATE COLLEGE 


Student Branch 

The Iowa State College Student Branch held its annual 
fall picnic in October at the Ledges State Park in Boone, 
Iowa. A perfect day, good food, and a liberal portion of 
fellowship, mixed thoroughly, provided a lot of fun for 
everyone. 

Russell Mathern, a senior, has been elected as senior 
representative to the engineering council to fill the vacancy 
left by Murner Thor, who at the present time is an air- 
plane designer in a defense plant. 

The Student Branch has augmented its treasury by 
annealing 9000 pounds of castings for one of the foundries 
working on defense materia's. The money earned will be 
used for the Veishea Celebration which takes place in May. 

Officers for 1941-1942 are Lawrence Van Vlack, Presi- 
dent; Wayne Calderwood, Vice-President; Francis New- 
ark, Jr., Treasurer; and Clyde B. Eller, Corresponding 
Secretary. 


Keramos 

A chapter of Keramos was installed at Iowa State Col- 
lege, Ames, Iowa, on November 15, 1941. The Installa- 
tion Team was made up of the following members: Robert 
F. Sherwood, Grand President; Lane Mitchell, Grand Secre- 
tary; Arthur F. Greaves-Walker, Past Grand President and 
Past Grand Herald; Paul G. Herold; and C. M. Dodd, 
Past Grand Secreiary. The petitioning members of the 
Iowa State Ceramic Engineering Professional Fraternity 
were Martin Baker, Edgar G. Nodurft, Lloyd Wells, Jr., 
Wayne Calderwood, Russell Mathern, Murner Thor, and 
Lawrence H. Van Vlack. 

The present officers of the new chapter of Keramos are 
Lawrence H. Van Vlack, President; Russell Mathern, 
Vice-President; Wayne Calderwood, Secretary; William 
Faust, Herald; and Richard Boerner, Treasurer. These 
officers and H. J. Beckemeyer, instructor in the Depart- 
ment, were initiated by the Installation Team. Other 
petitioning members will be initiated in absentia. 

The initiation, installation ceremonies, and installation 
banquet were held in the Memorial Union. The banquet 


(1942) 


speakers were Arthur F. Greaves-Walker, Robert F. Sher- 
wood, Dean T. R. Agg, and Lawrence H. Van Vlack; C. M. 
Dodd acted as toastmaster. The heads of the engineering 
departments of Iowa State College were guests at the ban- 
quet. 

With the installation of the Chapter at Iowa State Col- 
lege, Keramos now has six chapters; the others are located 
at Ohio State University, University of Illinois, New York 
State College of Ceramics, North Carolina State College, 
and Virginia Polytechnic Institute. 


NEW YORK STATE COLLEGE OF CERAMICS 


The meeting of the New York State College of Ceramics 
Student Branch held on December 16 was devoted to a 
competition among the seniors for the privilege of repre- 
senting the College in the speech contest at the Annual 
Meeting of The American Ceramic Society in April. The 
winner was John Angevine, who spoke on “Uses of the 
Brabender Plastograph.”’ 

At the December meeting of Keramos, Willard J. Sut- 
ton gave an informal address on “Ceramics in China.” 
Dr. Sutton, who joined che faculty of the New York State 
College of Ceramics last September, spent some time in 
Foochow, China, where he was in charge of ceramic and 
chemical work at the Fukien Christian University. His 
address was illustrated with slides and pieces of ware he 
had collected in China. 

Garrison P. Smith succeeded Moe D. Cohen as managing 
editor of the Alfred Engineer, news organ of the Student 
Branch. The second edition of the term was published 
shortly after the Christmas recess. 

Two juniors, Robert Sinclair and Francis J. DiLaura, 
were selected to work with the seniors of the Saint Pat’s 
Board in sponsoring the annual Saint Pat’s Festival to be 
held in March. 

The ceramic artists held their annual exhibit and pottery 
sale on December 9; $475 was made at the sale. The 
Beaux-Arts Ball, a costume dance with an “Arabian 
Nights’’ theme, was held in the evening. 

—LAWRENCE Bickrorp, Corresponding Secretary 


MISSOURI SCHOOL OF MINES AND 
METALLURGY 


The Missouri Student Branch held its monthly meeting 
on December 10 at the Missouri School of Mines and 
Metallurgy, Rolla, Mo. Leonard Bolz, a senior in the 
Department of Ceramic Engineering, told of his experiences 
while working for the Robinson Clay Product Co., Akron, 
Ohio. He also discussed the thermal analysis of fire clays. 

The American Ceramic Society is sponsoring a speaking 
contest for students enrolled in ceramic engineering. The 
winner of this contest is to be determined at the Annual 
Meeting in Cincinnati. Several students have already 
expressed a desire to enter the contest. 

—Paut G. Heroip, Head, 
Department of Ceramic Engineering 


NEW YORK UNIVERSITY 


Because the war has cut off important supplies of 
pottery and glass, New York University, in cooperation 
with leaders of the two industries, has planned a series of 
fifteen evening lectures on American design and manu- 
facture of pottery and glassware. The lectures, scheduled 
from February 10 to May 19, will be under the direction 
of Albert Charles Schweizer, professor at New York Uni- 
versity. 

The series was arranged with the advice of a committee 
composed of H. L. Dillingham, American Glassware As- 
sociation; H. L. Lissfelt, Corning Glass Works; Viktor 
Schreckengost, Limoges China Co.; S. H. Slobodkin, 
Cavitt-Shaw Pottery, Inc.; and Vignia Grmes and Alfred 
Auerbach, Retailing Home Furnishings. Firms in the 
pottery and glass industries will provide specialists to 
lecture on various phases of the subjects. 
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NEW MEMBERS FOR DECEMBER 


Corporation 
Burcuer, L. H., Co., W. D. Schwartz (voter), 2030 Bay 
St., Los Angeles, Calif. 


Personal 

Amyton, LeRoy A., 1806'/, Elmwood Ave., Norwood, 
R. I.; plant chemist, Corning Glass Works. 

Ciumes, Georce L., 2966 E. Colorado Blvd., Pasadena, 
Calif.; president, Will-George Ceramic, Inc. 

*FRIDERICHSEN, CHRISTIAN, 317 Lomita Ave., Glendale, 
Calif.; tile manufacturing superintendent. 

GoETTMAN, FRANKLIN P., 1121 Queen St., Pottstown, Pa.; 
production control engineer. 

Lit.ey, Georce, 92 Brown St., Pawtucket, R.I.; melting 
foreman, Corning Glass Works. 

Moser, Leo, 250 West 91st St., New York, N. Y. 

Netrer, Wiiiram S., Box 351, Aberdeen, Md.; mathe- 
matician, Aberdeen Proving Grounds. 

Scnerer, Epwin, Box 342, Durham, N. H.; teacher, Univ. 
of New Hampshire. 

Srrixow, M. H., 646 N. Robertson Blvd., Los Angeles, 
Calif.; decorator. 

Vertcu, Lioyp, 3799 Harrison St., Oakland, Calif.; oper- 
ator, silica and glass sand plant. 


Student 
University of Alabama: E. J. BRIGANTI. 
University of Illinois: E. 
New York State College of Ceramics: Joun S. ANGEVINE. 
Pennsylvania State College: S. BatEs. 


* Indicates former member of The Society rejoining. 
MEMBERSHIP WORKERS’ RECORD 


Corporation 
William V. Knowles 1 
Personal 
R. E. Birch 1 J. B. Shimer 2 
Donald Hagar 1 Woldemar Weyl 1 
E. L. Maxson 4 Office 1 
Student 
A. I. Andrews 1 M. E. Holmes 1 
H. M. Davis 1 T. N. McVay 1 
Grand Total 15 


ROSTER CHANGES DURING DECEMBER} 


ALBERT, JOSEPH, 1337 22d St., N. W., Washington, D. C. 
(Metter, Ga.) 

Austin, Lewis M., 1124 New Pear St., Vineland, N. J. 
(Salem, N. J.) 


t Address in parentheses is former address. 


The Procurement Branch of the Division of Contract 
Distribution of the Office of Production Management in 
Washington, D. C., is attempting to assemble an exhibit 
of materials which are plentiful and which can be substi- 
tuted for the critical materials, most of which are metals. 
Harold D. Kube, special assistant in the Division, outlines 
the purposes of this substitution program and tentative 


methods for accomplishing these objectives. 
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MEMBERSHIP RECORD 


—, E. E., Box 64, Brownsville, Tex. (Sapulpa, 

a. 

CRAMER, WiILuiAM R., 5314 Holder Ave., Baltimore, Md. 
(York, Pa.) 

Cunuirre, Jack A., A. P. Green Fire Brick Co., Ltd., 
Commercial St., Leaside, Toronto 12, Ontario, Canada 
(Winnipeg, Manitoba, Canada) 

EARHART, WiLLIAM H., Armour Research Foundation, 
on) Federal & Dearborn Sts., Chicago, Ill. (Columbus, 

hio 

Forp, WALTER D., 61 Kathrine St., Port Allegheny, Pa. 
(Columbus, Ohio) 

FRAHME, HERMAN H., Beechwood Place, Watchung, N. J. 
(Rahway, N. J.) 

supeey G. H., Box 285, Washington, N. J. (Metuchen, 

a. 4 

Knapp, Ernest W., 324 Ridge Ave., Cambridge, Mass. 
(Boston, Mass.) 

Korstap, H., 11313 Lake Ave., Cleveland, Ohio 
(Parma, Ohio) 

Koppers, Hernricu, Research Dept., Koppers Co., Kop- 
pers Bldg., Pittsburgh, Pa. (Tokyo, Japan) 

LAMBERTSON, WINGATE A., 7808 South Shore Drive, 
Chicago, Ill. (Ansonia, Conn.) 

Mason, Lioyp W., 410 South Third St., Toronto, Ohio 
(Alfred, N. Y.) 

McCurcuen, S., Fine Arts Bldg., Univ. of Georgia, 
Athens, Ga. (Columbus, Ohio) 

Merz, Georce, Polish General Consulate, Buenos Aires, 
Argentina (Stockholm, Sweden) 

— E. T., Box 145, Franklin, Ohio (Dallas, 

ex. 

PERKINS, WALTER W., 600 DeWitt St., Linden, N. J. 
(Cincinnati, Ohio) 

Rapcuirre, B. S., 804 S. Kenilworth Ave., Oak Park, IIl. 
(Chicago, Ill.) 

ScHotes, A., 18930 Littlefield Ave., Detroit, 
Mich. (Chanute Field, Ill.) 

SELLERS, Georce A., 1036 S. Harvey Ave., Oak Park, Ill. 
(Lansdowne, Pa.) 

— J. B., 16 Grant St., Wellsboro, Pa. (Pawtucket, 

Smoke, Josepnu E., 29 Bissett Place, Metuchen, N. J. 
(Perth Amboy, N. J.) 

SOMMERVILLE, JAMES L., Owens-Illinois Glass Co., Alton, 
Ill. (Ft. Leonard Wood, Mo.) 

Srraicut, Lee H., U. S. Army Rec. Camp, Forest Park, 
St. Louis, Mo. (Jefferson Barracks, Mo.) 

TILLotson, C.iiFForD, Tillotson Refractories Co., 1112 
West Sixth St., Corona, Calif. (Los Angeles, Calif.) <q 
Tucker, Braprorp §S., E. J. Lavino & Co., 1528 Walnut 

St., Philadelphia, Pa. (Lynchburg, Va.) 

Wa.pscumipt, Mitton H., 873 Ebner St., Columbus, 
Ohio (Fort Bragg, N. C.) 

Wels, J. H., Spruce Pine, N. C. (West Paris, Maine) #% 

Wauittemore, O. J., Jr., Mellon Institute, Pittsburgh, 
Pa. (Fort Dodge, Iowa) 

Wnuitwoop, Rosert A., 206 Huntington Ave., Boston, 
Mass. (Buffalo, N. Y.) 


SUBSTITUTION OF CERAMICS FOR METALS 


Prime Objective 

To stimulate the manufacturers who cannot get critical 
materials, and who therefore face the prospect of going out 
of business, into finding substitute materials which are 
plentiful and which can be used 


Other Purposes 
(1) To conserve critical materials for defense uses. 
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(2) To stimulate the thinking of manufacturers, con- 
tractors, dealers, and the public as to the possibilities of 
using ceramic products in place of the products, made of 
vital materials, to which these various groups are accus- 
tomed. 

(3) To keep companies in business and to meet con- 
sumer demands insofar as possible by providing satis- 
factory ceramic substitute materials wh<re it is impossible 
to obtain materials made of metal and other strategic 
commodities. 

Proposed Ways and Means of Accomplishing Obj ectives 

(1) To prepare appropriate displays of ceramic mate- 
rials which can adequately serve as subds.itutes for prod- 
ucts consuming critical materials. Displays will be ten- 
tatively kept in Washington; they may later be placed on 
the ‘‘ Defense Special Trains”’ on another tour of the United 
States and be placed 
exhibits. 


(2) The American Ceramic Society to present to the 
Division office a statement showing where ceramic ma- 
terial can serve as an adequate substitute in specifications 
which now call for the use of critical materials. This state- 
ment will be gone over carefully by impartial experts fram 
the Division and then, in appropriate cases, will be taken 
up with the various procurement branches of the govern- 
ment. 

(3) Division of Contract Distribution field offices or 
qualified technical men in Washington to survey facilities 
of manufacturers affected by priorities to determine 
whether these facilities are adaptable to the manufacturer 
of products made from ceramic materials. 

(4) To establish procedures for informing field offices of 
case histories involving substitution and other related in- 
formation. In this connection, methods should be de- 
vised to collect and coordinate information on the sub- 
stitution of ceramic materials by the Washington or- 
ganization to be distributed to field offices in usable form. 


DEFENSE OF PROFESSIONAL STATUS OF CERAMISTS* 


Through this discussion, an attempt is made to amplify 
the subject which has been brought up by R. C. Benner, 
Director of Research of The Carborundum Company, 
Niagara Falls, New York, regarding the need that exists 
for the protection of the interests of professional people 
and for the organization of the so-called intelligentsia in 
their own defense. The terms “‘professionals’”’ and “‘in- 
telligentsia” as such are very broad. To be specific, in 
the present instance we are concerned with the interests 
of ceramists and ceramic engineers and, incidentally, of 
others who might be sufficiently closely allied in interest 
with such persons to make common cause with them for 
mutual self-defense. This might include, to some degree, 
all professionals who earn a livelihood by the investigation 
of scientific phenomena or by the application of such 
phenomena to practical ends. 

The next point to be settled is—protection of what in- 
terests against whom, or against what? The answer is 
that this is primarily an economic discussion, and the de- 
fense which is needed is defense against anything that will 
tend to lower the living standards of the group in which we 
are interested as compared with those of other members 
of the community and particularly defense against any 
legal prohibition of the normal activities of this group 
= would impose on them an economic handi- 


ae” to defense against whom, the first line of defense 
would appear to be against pressure groups made up from 
other sections of the intelligentsia as distinguished from 
manual laborers. Examples of this will be given later. 
Secondly, defense may be needed against labor groups who 
at the present time are in a strongly entrenched govern- 
mental position and are definitely squeezing the unorgan- 
ized members of society. 


Mechanism Used by Pressure Groups 

We cre all familiar with the economic law of supply and 
demand. These two factors are interrelated by economic 
law in such a way that demand and price increase as the 
available supply of anything diminishes. American ex- 
perience has long shown that, although the scientific prin- 
ciple underlying this so-called law cannot be repealed, the 
factors of supply and demand, and particularly supply, can 
be so controlled as to upset seriously the free operation of 
the law to the material comparative advantage of certain 
groups. This has been done for years through the im- 
Position of tariffs and by the res‘riction of immigration 
and is being steadily extended in the domestic field by 
artificially reducing the number of people who are avail- 
able to do a given job. This is done in some instances by 
preventing the training of apprentices, in other cases by 


* By George J. Easter, Assistant Director of Research, 
The Carborundum Company, Niagara Falls, N. Y. 
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picketing and physical force, and in others, by the im- 
position of legal barriers whereby persons who might per- 
form specified services are prohibi.ed by law from doing 
so. By whatever means the restriction is accomplished, 
the result is to put the people who remain in the field in a 
position to demand higher compensation for their serv- 
ices and to force those who are ruled out to work as 
subordinates for less, or to go elsewhere. 

And here is the point of the matter, bluntly stated. 
We want to be sure that when fences are built, we are on 
the right side of them. 

Numerous examples of such legal barriers are available. 
These particular ones cited in the next three paragraphs 
may not have troubled ceramists greatly, but they will 
illustrate the principle. 

A number of years ago, the architects had a law passed 
whereby any plan for a building must be signed by an 
architect in order that its erection might be legal. This 
took away from the engineers who designed these build- 
ings for specific purposes a definite field to which they were 
justly entitled. The matter was rectified only when the 
engineers (as an organization) secured repeal of the bill. 
The engineers now employ a permanent professional ob- 
server in Albany to scrutinize every bill presented and post 
their appropriate committees throughout the state in time 
to prevent further raids on their rightful province. 

Another example, which occurred this last summer, was 
the attempt by the Bar Association to have a law enacted 
whereby all persons appearing before any government 
agency must be members of the bar. This would have 
ruled out a large number of patent attorneys who are 
technically proficient for the work but who are not mem- 
bers of the bar. A number of these men are members of 
The American Ceramic Society. The same bill would 
also have ruled out certified public accountants and other 
men who have spent many years practicing before other 
government agencies. such as the Interstate Commerce 
Commission. 

Another example is the recent attempt in Pennsylvania 
to insist that anyone running a clinical testing laboratory 
(pathology or bacteriology) must be a medical doctor, 
even though the work is inherently that of a chemist rather 
than of a medical man. There are, of course, numerous 
instances of a minor racket of the medicos by which rem- 
edies that have been household terms for many years are 
now available only on medical prescriptions, e.g., pare- 
goric. 

De‘ense Mechanisms 

One of the early steps taken by many groups which de- 
sire to insure their economic stability is some form of 
licensing. This provides a clear distinction as to who 
“belongs” and who does not, permits the imposition of 
authoritative standards of proficiency, and allows some 
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of the functions of the group to be forbidden to the un- 
qualified under the law. Perhaps this cannot be done for 
ceramists other than ceramic but the question 
would appear to deserve study. In New York State, it 
has been done for lawyers, doctors, professional engineers, 
trained nurses, public accountants, dentists, druggists, 
optometrists, shorthand reporters, realtors, architects, 
and . The licensing of chemists is being widely 
debated and, if undertaken, will doubtless strike rather 
close to some members of the ceramic profession. 

Another item of direct economic concern to ceramists, 
and particularly the younger men, is the matter of union 
membership. The traditional attitude of all professions 
has been to stay out of the unions. Waiving for the 
moment the question of whether or not this attitude is for 
their best good, we may note that in many cases a man in 
a subordinate position now has no choice, but is compelled 
to join and pay dues toa union. This may put him ina 
distasteful situation from which he has no escape unless 
one can be found by his organized professional associates. 
At the present time, the professional engineers in the State 
of New York have a committee studying the possibility 
of getting the state educational board to render a recent 
engineering graduate legally a “professional” so that he 
will have more freedom when it comes to union activities. 

The American Chemical Society is now trying (by means 
which appear rather ineffective) to establish salary ‘‘floors” 
(as opposed to ceilings) for certain types of chemists. 
This is an important economic move which warrants study. 
Any attempt to put teeth in it will unquestionably bring 
down the wrath of offending employers on the Society, 
but it is a new departure for organizations of this type and 
gives the chemist at least a nominal champion in his 
battle for aliving. It is prominent among the steps which 
have attracted 3000 new members into the Society within 
the year. The extent to which the action might be 
emulated or improved upon by The American Ceramic 
Society is a question for serious thought. 


Proposed Action 

Now that the problem has been stated rather broadly, it 
seems in order to make concrete suggestions as to what 
might be done in the future. 

(1) The first thing, of course, is to decide that some- 
thing is to be done. The detailed nature of any program 
of action can be worked out later after careful thought and 
open discussion by The Society as a whole. We should 
not follow the practice of the American Chemical Society, 
wherein the editor, H. E. Howe, expresses his opinion at 
length in such matters, but will print no discussions by 
anyone else. The subject is too complex and its impor- 
tance too vital to have any one man, no matter how gifted, 
hand down a solution to be followed by a profession whose 
members have had no voice in its formulation. Discus- 
sion, however, should be constructive and not merely con- 
sist of objections to proposals offered in such terms as 
“Can’t it be done some other (unspecified) way?’’ 

(2) Once it is established that some action is to be 
taken, our suggestion for an opening move would be to de- 
vote an hour or two at the Annual Meeting of The So- 
ciety to an open discussion of the subject, starting with 
two or three prepared discussions which should be read, 
not given extemporaneously, inasmuch as the fundamentals 
should be thought out and the results concisely expressed. 

(3) Another obvious step is to provide means by 
which we can act and act rapidly in case of necessity to 
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protect ourselves from the encroachment of other groups 
which might be called “‘pressure groups.”” Let us con- 
sider, for example, the case of the legislation which would 
have deprived properly qualified but nonlawyer ceramic 
engineers of the right to appear before the Patent Office. 
This would have injured these individuals and deprived 
ceramic employers of the services of trained men (who are 
certainly better prepared to discuss ceramic technology 
than mere lawyers, to whom the business would perforce 
have gone). 

To show the danger involved, the response from the 
New York Patent Law Association Committee when the 
question was brought to their attention is quoted as follows: 


. .. the view more commonly held is that it should be 
possible to secure representation by a man who is well 
trained in the law and is sufficiently well trained on the 
scientific side to enable him to understand and absorb 
and make use of technical matters supplied to him by 
his client.”’ 

We were particularly disturbed in this instance by the 
“Let George do it” attitude of the chairman of the Pa- 
tent Committee of The Society, Fulton B. Flick, who 
wrote as follows: 

‘... this matter is of importance to so many nonlawyers 

who are registered to practice before the Patent Office 
that I think it can be taken for granted that sufficient 
action will be taken to persuade the Senate Judiciary 
Committee to amend the bill so that practice before the 
Patent Office will not be affected. .... 
“In view of this I do not know whether it would be 
worth while for our Committee to bring in a report that 
could be submitted to the Senate Judiciary Committee 
in behalf of The Society, or whether, if we were to bring 
in a report at this time, it could be approved as repre- 
senting The Society’s views.”’ 


An active, aggressive committee with authority to act 
on its own responsibility is required to deal with such mat- 
ters. It would be desirable, incidentally, for the members 
of it to be located close together geographically to facilitate 
verbal discussion and action. 

Another attitude with which we have no sympathy is the 
one taken by the American Institute of Mining and Metal- 
lurgical Engineers to the effect that they cannot attempt 
to influence legislative matters lest they render the prop- 
erty of the Society liable to taxation which they other- 
wise escape and make the membership dues of the mem- 
bers no longer a subject for income tax deduction. It 
would appear that, in comparison, the harm which would 
result to the profession in the absence of constructive 
united action on hostile legislation would far outweigh 
the amount of money which would be involved in taxes 
to the Society and certainly would outweigh any minor 
income tax deductions of the individual members. 

All in all, it seems that they are about ten years behind 
the times. These are competitive times in which victory 
goes to organized groups. If our existing societies cannot 
be economic as well as scientific instruments, we must 
build new ones which will substantially parallel the 
present ones in membership. Is it not better to use our 
existing organizations for both purposes? Are we not 
sufficiently united in purpose for all to profit by the ar- 
rangement? Would not a knowledge that a man’s eco- 
nomic interests were being looked after draw many addi- 
tional members into our Society? 


NOTES FOR CERAMISTS 


CERAMIC ASSOCIATION OF NEW JERSEY 


The annual meeting of the Ceramic Association of New 
Jersey was held on December 19, 1941, in the Ceramics 
Building, Rutgers University, New Brunswick, N. J. 

The following program was presented: 


(1) Address by the President: ‘‘Metals, Plastics, and 


by G. C. Betz, Star Porcelain Co., Trenton, 


(2) “Radiant Heat in Pottery Drying: Experimental 
Results and Some Possibilities for the Future’ by G. A. 
Hess, Public Service Electric & Gas Co., Trenton, N. J. 
(3) ‘Dielectric Behavior of Some Ceramic Insulation” 
by S. O. Morcan, Bell Telephone Labs., New York, N. Y. 
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(4) ‘Relationship Between Composition and Dielectric 
Properties of Some Low-Loss Ceramics” by M. D. Ric- 
TERINK, Bell Telephone Laboratories, New York, N. Y. 

(5) “Some Experiences in Fine Grinding” by Joxun L. 
Speirs, International Pulverizing Corp., Moorestown, N. J. 

RricHarp C. ReEAGER, Rutgers Univ., was the guest speaker 
at the luncheon held at noon at the Roger Smith Hotel. 


CENTRAL DISTRICT ENAMELERS' CLUB 


The Central District Enamelers’ Club has elected the 
following officers for 1942: 


President: NoRMAN H. Sto.te, Davidson Enamel Products, 
Inc., Clyde, Ohio. 
Vice-Presidents: 
Craupe CLEeGHON, Davidson Enamel Products, Inc., 
Clyde, Ohio. 
Dan Grepys, Perfection Stove Co., Cleveland, Ohio. 
Jack Trees, Holland-Rieger Corp., Sandusky,” Ohio. 
R. E. Tayior, Enamel Products Co., Cleveland, Ohio. 
Joun Remers, Pfaudler Co., Elyria, Ohio. 
Secretary-Treasurer: BurtToN LONGWELL, Republic Steel 
Corp., Cleveland, Ohio. 
The next meeting of the Club will be held on February 
6, 1942, at the Allerton Hotel, Cleveland, Ohio. 


EASTERN ENAMELERS’ CLUB 


The Eastern Enamelers’ Club has elected the following 
officers for 1942: 


President: Grorce Wetse, Standard Gas Equipment 
Corporation, Baltimore, Maryland. 

Vice-President: NATHAN Caloric Gas Stove 
Works, Philadelphia, Pennsylvania. 

Secretary: Grorce Dwyer, Floyd-Wells Company, Roy- 
ersford, Pennsylvania. 


CHICAGO DISTRICT ENAMELERS’ CLUB 


The Chicago District Enamelers’ Club held a luncheon 
meeting on December 6, 1941, at the Graemere Hotel, 
Chicago, Illinois. 

The following program was presented: 


(1) “Welding Practice for Porcelain Enameling” by 
ANDREW GRIERSON, master mechanic, Norge Div., Borg- 
Warner Corp. 

(2) ‘Examination of Welds by X-Ray Methods” by a 
representative of the X-Ray Diffraction Laboratory, 
General Electric X-Ray Corporation. 

(3) “First Aid in Your Plant’’ by J. G. Brown, Ameri- 
can Red Cross. 


Through the cooperation of Lieutenant E. W. Dietterle, 
former vice-president of the Chicago District Enamelers’ 
Club, a group of army men provided musical and comedy 
entertainment as an added attraction. 


NEW YORK SOCIETY OF CERAMIC ARTS 


The New York Society of Ceramic Arts will hold a series 
of lectures early in 1942 at the Metropolitan Museum of 
Art, New York, N. Y. The lectures will be given on Wed- 
nesday afternoons at 3:00 P.M. 

Mrs. Eva S. Zeisel, Department of Industrial Design, 
Pratt Institute, Brooklyn, New York, inaugurated the se- 
ries on January 14 when she presented an illustrated lecture 
on “Handicraft and Mass Production.” Mrs. Zeisel stud- 
ied at the Hungarian Academy of Fine Arts and learned 
pottery as an apprentice in a handicraft pottery shop. 
She then worked for twelve years in different factories 
where she made artware, dinnerware, and lamp fixtures in 
terra cotta, earthenware, and vitrified body. She learned 
the process of designing for mass production during her 
work in these plants. 

The second lecture will be given on February 11 by Joep 
Nicolas, one of the foremost stained-glass designers 
Europe, who came to the United States in 1939. Some of 
his outstanding work has been exhibited from time to time 
at the Orrefors Galleries in New York. At the present 
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time, Mr. Nicolas is designing a series of thirty-six windows 
for the Fairmont Presbyterian Church near Cleveland, 
— and is working on a number of projects for individ- 


The third lecture will be given on March 4 by Howard 
Ketcham, a color engineer who has done outstanding work 
in color research and on the application of color engineering 
to industrial products. Mr. Ketcham, who has been en- 
gaged exclusively for more than twelve years in stimulat- 
ing sales through the scientific use of color, has won new 
markets and has revived old ones for many products in 
this country. 

The three lectures are open to the public, and members 
of The American Ceramic Society are particularly invited. 


RESEARCH STAFF APPOINTMENTS AT 
ARMOUR RESEARCH FOUNDATION 


The Armour Research Foundation, Chicago, IIl., an- 
nounces the appointment of William H. Earhart as 
ceramist in the Metallurgy Section. Dr. Earhart, who isa 
graduate of Ohio State University, Columbus, Ohio, has 
been associated with the Edward Orton, Jr., Ceramic Foun- 
dation in Columbus. 

Clark E. Thorp, formerly in charge of research for the 
Ozo-Ray Process Corporation, has joined the staff of the 
Chemical Engineering Section of the Foundation to study 
unit processes and pilot plant development. 


TOLL OF 1940 INDUSTRIAL ACCIDENTS 


“The toll of 1940 industrial accidents amounted to 
nearly 1,890,000 workers killed or injured at their jobs in 
the United States, according to estimates of the U. S. Bu- 
reau of Labor Statistics. If the economic time loss caused 
by deaths and permanent disabilities is excluded, the Bu- 
reau estimates that the employee-days lost in actual ab- 
sence from work would be 41,912,000—enough to have pro- 
vided 140,000 workers with full-time employment during 
the entire year. If standard time charges are applied for 
deaths and permanent impairments, the total time loss is 
increased to the tremendous total of 233,840,000 days, 
equivalent to full-time annual employment for about 780,- 
000 workers—about 95% of the increase in employment 
during 1940. 

‘An analysis of the types of injuries and the industries in 
which they occurred is given in ‘Industrial Injuries in the 
United States during 1940’ by Max D. Kossoris and Swen 

aer, U. S. Bureau of Labor Statistics, a reprint from the 
Monthly Labor Review, August, 1941.” (From Industrial 
Standardization, November, 1941.) 


SCHEDULE OF CERAMIC SHOW DATES 


1. New Yorx Lamp Snow, Hotel New Yorker, New 
York, N. Y., January 19-23. 
2. Girt AND Art SHow, Biltmore Hotel, 
Los Angeles, Calif., January 25-28. 
3. Cnrcaco Girt SHow, Palmer House, Chicago, IIl., 
February 2-13. 
4. MercHaNnpise Mart Girt Ssow, Chicago Mer- 
chandise Mart, Chicago, Ill., February 2-14. 
5. San Francisco Girt Sow, Palace Hotel, San Fran- 
cisco, Calif., February 8-11. 
6. Seattie Girt SHow, Olympic Hotel, Seattle, Wash., 
February 22-25. 
7. A.trep Grrr SHow, Adolphus Hotel, Dallas, Tex., 
February 22-27. 
8. Darras Girt Baker Hotel, Dallas, Tex., Feb- 
ruary 22-27. 
9. New Yorx Girt SHow, Hotel Pennsylvania, New 
York, N. Y., February 23-27. 
10. 225 Fiera Avenue Girt Ssow, 225 Fifth Ave., 
New York, N. Y., February 23-27. 
11. Boston Girt SHow, Hotel Statler, Boston, Mass., 
March 9-13. 
12. 


Girt Sxow, Hotel Benjamin Franklin, 
Philadelphia, Pa., March 23-27. 
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|. Introduction 

Without detraction from the merits of large pieces, 
one can truly say that an object need not be large to be 
beautiful. Miniatures may have incorporated in them 
beauty of design plus the attractiveness of minute 
careful carving which is of interest and which might be 
lost on a large piece or make it look ‘‘overdressed.” 


ll. Process for Miniature Work 


The act of throwing a miniature on a potter's wheel, 
compared to the same performance in shaping larger 
pieces, gives an added thrill. The beginning of the 
miniature is a ball of clay no larger than a marble or at 
most no more than 1'/; in. in diameter. Three finger 
tips serve to center the “‘ball” (Fig. 1) (see p. 13). The 
concentric lines on the wheel head are '/, in. apart, which 
gives an idea of the relative size. Instead of a full com- 
plement of thumbs and fingers with which to fashion the 
cylinder, two fingers only are used (Figs. 2and 3). The 
bottom is bulged out with the little finger, and any 
excess clay at the base is cut away with a flat, slightly 
hooked strip of steel (Fig. 4). While there is still room 


* Presented at the Forty-Third Annual Meeting, The 
American Ceramic Society, Baltimore, Md., April 2, 1941 
(Art Division). Received November 12, 1941. 
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MINIATURE POTTERY AND ITS POTTING* 


By MARGARET STEENROD FETZER 


ABSTRACT 
An illustrated adventure in the making and enjoyment of pottery miniatures. 


to manipulate a tiny sponge, surplus water is removed. 
By continued squeezing and pulling between the side 
of one finger and a small round stick (Figs. 5, 6, and 7), 
the neck of the pot, now destined to become a jug, 
grows smaller and smaller. Finished off with a ‘‘rib” 
(Fig. 8) and an elephant-ear sponge (Fig. 9), the jug is 
cut from the wheel with a thread and is transferred, by 
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means of a spatula, to a tile. After drying a short 
time, the piece is ready to receive the handle (Fig. 10). 


Ill. Enjoyment of Results 

Certain interesting glaze textures and colors look 
best on miniatures; these include crystals, aventurines, 
and bright colors, such as red and alkaline blue. To 
give some idea of the variety of shape and glaze, a few 
groups of pieces are shown in Fig. 12. The ring has 
been included for scale comparison. The elephant 
plate and the bottle with the head stopper are low fire, 
and all of the others are fired at cone 9. The three blue 
bottles in the group shown in Fig. 11 are of unglazed 
polished body with inlaid decoration. In the salt-glaze 
group (Fig. 13), the smaller of the two large jugs and the 
three little ones in front were made by the author. The 
ten little brown jugs in Fig. 14 are of high-fire porcelain. 


Fie. 14. 


A potter’s natural impatience to discover the effects 
of firing is humored by the shorter time required, and 
with miniatures it is not necessary to wait long after the 
kiln gets dark to remove them. This feature lends it- 
self to the satisfactory testing and recording of new 
glazes for which miniatures are well adapted. 

When the miniature is completed and ready to be 
admired, its disposal is not a problem, and the need for 
storage space does not present itself. A few cigar 
boxes suffice for several years’ output. 

If an excuse should be needed for making miniatures 
other than that of pure enjoyment, certain shapes are 
in demand for miniature flower arrangements, what- 
nots, miniature jugs for patent beverages, perfumes, 
and for gifts of quality rather than quantity. 
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PROPERTIES OF WARE VERSUS THERMAL HISTORY: 1, TESTS ON VITREOUS 
CHINA BODIES AND WARE* 


By J. H. Koenic 


ABSTRACT 


The properties of ware, which were given different thermal treatments, have been com- 
pared. The tests include shrinkage, flexural strength, elasticity, thermal expansion, 
moisture expansion, microstructure, glaze stress, and glaze microhardness. The vari- 
ations in these properties occurred as a result of differences in (1) supposedly similar 
firings, (2) the uniformity of the kiln from end to end, (3) the same firing in the cross 
section of the kiln caused by uneven heat distribution, (4) the rates of firing to the same 


cone deformation, and (5) repeated firings. 


|. Procedure and Test Data 


(1) Specimens Fired 37.2 Hours in Muffle Kiln 

Several thousand round rods (1 in. in diameter) were 
extruded from the same sample of a vitreous china body, 
and a large number of rings, such as those used in the 
glaze-fit test, were cast. Sets of these specimens were 
given various thermal treatments. 

Seven flexural and shrinkage test specimens and two 
rings with the same glaze were placed in 45 different 
positions on a car and were fired through a Dressler 
muffle kiln in 37.2 hours. The specimens were placed 
in nine positions on each deck of a five-deck car as 
shown on the chart. 

A cone plaque was 
placed with the specimens 
in each position. The 
cone deformations are 
Wwi4 5 6/E shown in Table I. Table 
II shows the flexural 
7 8 9} strength, absorption, and 

Ss firing shrinkage with this 
heat-treatment. The ring 
test data are discussed in section V, p. 39. 

(A) Cone Temperatures: The cone temperatures 
on the top three decks were strikingly similar, and 
the fourth top deck also showed uniform cone de- 
formation but lower than the three decks above. The 
fifth top (or bottom deck) was approximately one 
cone lower than the fourth top deck. Too much 


1 2 3 


* Presented at the Forty-First Annual Meeting, The 
American Ceramic Society, Chicago, Ill., April 17, 1939. 
(Symposium on the Importance of Thermal History). 
Received August 18, 1941. 
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importance should not be assigned to the small 
variations in the upper decks inasmuch as the cones 
may vary slightly in their deformation. The extra 
space on the car decks was placed as uniformly as 
possible with the same type of ware. A definite 
gradient, however, occurs in the heat work (cone de- 
formation) and is reflected in the properties. The 
west end of the car received more heat work than 
the east end, and the center was intermediate. In 
the greater number of rows in respect to width, the 
center position showed the lowest cone deformations. 
By rows in respect to car width, 10 out of 15 positions 
showed the same deformation in the north and south 
positions; three of the north positions were hotter; for 
the other two positions, the south position was hotter. 
By rows in respect to car length, the greatest uniformity 
occurred in the two outside rows on the bottom deck. 
Evaluating by decks for all positions, the second and 
third decks were nearly the same, the top deck but 
slightly less, the fourth top deck definitely lower, and 
the bottom deck considerably lower as previously men- 
tioned. Evaluating by positions for all decks, 1 and 7 
were the hottest, 2 and 8 and 3 and 9 next in order; of 
the center positions of all decks, 4 was the highest, 5 
next, and 6 the lowest. 

(B) Flexural Strength: The flexural strength aver- 
ages for decks showed the first three top decks of the 
same order of magnitude, the greatest strength corre- 
sponding to the top deck, the next to the second top. 
The third top deck was slightly less, the fourth top deck 
was noticeably less, and the bottom deck was markedly 
lower. Evaluating by positions for all decks, 1 and 7 
were the highest, 2 and 8 were next, then 3, 4, and 5 of 
the same order, with 6 and 9 the lowest. Although this 


2 
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order is not completely in accord with the rating of cone 
deformations, the agreement is marked, and again the 
west end of the car received the most heat work and the 
east end less heat work. 

(C) Absorption: The averages for absorption 
showed that the lowest occurred in the top deck. The 
first three top decks were of the same numerical order; 
the second top was slightly greater than the top; and 
the third top was slightly greater than the second top, 
which is in accordance with the results given for flex- 
ural strength. The fourth top deck had definitely 
higher absorption than the three upper decks. The 
bottom deck had a much higher absorption value 
(average 1.56%). Evaluating by positions for all decks, 
1 and 7 were lowest in absorption; 3, 8, and 9, slightly 
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higher than the previous group. The other two center 
positions, 5 and 6, were markedly higher, with 6 the 
highest. This order agrees in general with the vitrifi- 
cation as gauged by the strength. Out of order, how- 
ever, are 4and 9; this discrepancy was due to small dif- 
ferences in numerical value. 

(D) Firing Shrinkage: The averages for firing 
shrinkage rated the decks from the highest to the low- 
est shrinkage as follows: 2d top, 3d top, 4th top, and 
5th top decks. The top deck and third top were prac- 
tically the same; the fourth top again was definitely 
lower; and the bottom deck showed markedly lower 
shrinkage (as was found also for strength). Evaluat- 
ing for positions on all decks, the position order starting 
with the highest shrinkage was 1, 2, 7, 4, 5, 3, 8, 6, and 


higher; and 3 and 4, of the same order and slightly 9. 


TaB_e I 
Cons DEFORMATIONS OF SPECIMENS FIRED 37.2 Hours IN Forty-FIvE DIFFERENT PosITIONS 
Deck positions 
‘I 2 3 4 5 8 7 8 9 
Top deck 13? 133 13* 13? 13! 13? 13? 13° 13* 
2d top 134 13? 13° 13? 13? 13? 13* 13? 13* 
3a “ 13¢ 138 13? 13? 13? 133 13? 13? 
4th “ 13! 13! 126 128 13! 123 13! 13! 13! 
5th “ 12! 12! 12! 115 12! 12! 
Taste II 
DaTA ON FLEXURAL STRENGTH, ABSORPTION, AND FIRING SHRINKAGE 
Deck positions Top deck 2d top 3d top 4th top 5th top all decks (avg.) 
Flexural strength (ib./sq. in.) 
1 10,382 10,679 10,691 10,084 7387 9845 
2 10,445 10,489 10,492 10,104 7165 9739 
3 10,300 10,335 10,433 9,746 7193 9600 
4 10,657 10,429 10,537 9,584 7000 9641 
5 10,243 10,413 10,444 9,997 6985 9616 
6 10,395 10,277 9,960 8,776 6843 9250 
7 10,566 10,509 10,504 10,179 7366 9825 
s 10,643 10,324 10,159 10,057 7190 9675 
) 10,564 10,236 9,864 9,766 7005 9487 
Avg. 10,466 10,410 10,343 9,810 7126 
Absorption (%)* 
1 0.039 0.019 0.030 0.080 1.432 0.320 
2 .024 .034 .039 .072 1.538 .341 
3 .049 .051 .052 . 147 1.490 . 358 
4 .021 .039 .030 . 104 1.585 .356 
5 .044 .043 .033 .061 1.721 .380 
6 .029 .043 . 169 1.976 .453 
7 .021 .027 .029 .063 1.400 .308 
8 .023 .030 .041 .083 1.453 .326 
yg .030 .036 .046 .088 1.460 .332 
Avg. .031 .036 .039 096 1.562 
Firing shrinkaget 
1 8.67 9.02 9.12 8.69 8.38 8.78 
2 8.59 8.59 8.80 8.80 8.03 8.56 
3 8.51 8.59 8.38 8.30 8.27 8.41 
4 8.71 8.59 8.60 8.27 8.06 8.45 
5 8.59 8.69 8.51 8.59 7.83 8.44 
6 8.38 8.75 8.35 8.06 7.74 8.25 
7 8.58 8.80 8.38 8.70 8.28 8.55 
8 8.27 8.59 8.27 8.38 8.17 8.34 
y 8.17 8.38 8.27 8.27 7.83 8.18 
Avg. 8.50 8.67 8.52 8.45 8.07 


* Absorption tests were run on broken flexural strength pieces. 
t Dry basis (%) used 10-cm. shrinkage marks applied with special vernier caliper. 
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(2) Specimens Fired 42 Hours in Multibumer 
-Fire Kiln 

A similar experiment was carried out firing the speci- 
mens in 45 different positions on a car through a Dress- 
ler multiburner direct fire kiln in 42 hours. The cone 
deformations are shown in Table III. Table IV shows 
the flexural strength, absorption, and firing shrinkage 
for this heat-treatment. 

The absorption values on all specimens were quite 
low and in a range where experimental error can be 
easily introduced. The averages for decks showed that 
the lowest value occurred in the top deck and the high- 
est value in the bottom deck; the intermediate decks 
were in the order of increasing absorption from the top 
to the bottom deck; the difference, however, between 
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the averages was quite small. There was little differ- Fic. 1 = : : 
‘ormation on various car decks for a 
ence in the averages for strength and firing shrinkage cone 12 and a cone 13 firing; (1) top deck; (2) 2d top; 


on all of the decks. These properties of the specimens (3) 3d top; (4) 4th top; (5) 5th top. 


Taste III 
Cong DEFORMATIONS OF SPECIMENS Firep 42 Hours IN Forty-Five DIFFERENT POSITIONS 
Deck positions 
1 2 3 4 5 6 7 s 9 
Top deck 13¢ 13¢ 13¢ 13¢ 138 136 13¢ 13¢ 
2d top 136 13¢ 136 13¢ 13 13¢ 136 13¢ 13¢ 
138 138 13* 13* 135 134 138 133 13* 
4th “ 13? 13? 13? 13? 13? 13? 13? 13? 13? 
5th 13? 13¢ 13? 13! 13! 13! 13! 133 
TaBLe IV 
DATA ON FLEXURAL STRENGTH, ABSORPTION AND SHRINKAGE 
Deck positions Top deck 2d top 3d top 4th top 5th top Avg. 
Flexural strength (ib./sq. in.) 
1 10,469 10,559 10,729 10,585 10,605 10,589 
2 10,366 10,708 10,796 10,645 10,679 10,639 
3 10,475 10,410 10,594 10,449 10,617 10,509 
4 10,331 10,432 10,499 10,470 10,219 10,390 
5 10,380 10,015 10,556 10,469 10,219 10,328 
6 10,378 10,401 10,493 10,552 10,396 10,444 
7 10,459 10,523 10,520 10,520 10,324 10,469 
& 10,575 10,638 10,129 10,515 10,588 10,489 
Q 10,277 10,425 10,415 10,518 10,843 10,496 
Avg 10,412 10,457 10,526 10,525 10,499 
Absorption (%) 
1 0.003 0.007 0.007 0.011 0.014 0.008 
2 .003 .005 .008 .005 .003 .005 
3 008 .007 010 .009 019 O11 
4 006 .014 008 .015 020 .013 
5 007 .014 010 .013 017 .012 
6 012 .009 015 O11 017 .013 
7 006 .O11 008 .009 016 .010 
8 002 .009 009 .016 016 .010 
i) 007 .005 015 .014 019 010 
Avg. 006 .009 010 O11 015 
Firing shrinkage (%) 
1 8.52 8.68 8.75 8.69 8.81 8.69 
2 8.56 8.53 8.68 8.86 8.71 8.67 
3 8.68 8.75 8.69 8.47 8.62 8.64 
4 8.63 8.60 8.46 8.46 8.64 8.56 
5 8.54 8.41 8.64 8.63 8.51 8.55 
6 8.45 8.88 8.61 8.63 8.52 8.62 
7 8.43 8.74 8.66 8.39 8.68 8.58 
& 8.57 8.58 8.51 8.64 8.61 8.58 
q 8.69 8.70 8.67 8.66 8.48 8.64 
Avg. 8.56 8.65 8.63 8.60 8.62 
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fired were uniform throughout the cross section and 
length of the car. 

Figure 1 indicates the uniformity of cone deforma- 
tion on two firings through the multiburner kiln. Cone 
plaques were placed in the same relative position on 
each car deck. 


(3) Specimens Fired 46.5 and 62 Hours in Multi- 

burner Direct-Fired Kiln 

Additional data are given for specimens placed in 
the same relative position (one position) on different 
car decks in different firing treatments. 

Specimens fired in a multiburner direct-fired kiln in 
46.5 hours gave results as shown in Table V. 


TABLe V 
DaTA ON SPECIMENS Firep 46.5 Hours 


def pA Linear 
Topdeck 12 0.056 9874 8.48 
2d top 12 "109 8985 8.27 
3d top 12 "114 8753 8.27 
4th top 12! "145 8012 8.17 
5th top 11%+ "187 7932 8.06 


Table VI shows the results obtained from firing speci- 
mens in the same kiln on a 62-hour firing at cone 10 in 
order to study the firing range of this body. 


VI 
Data ON SPECIMENS Frrep 62 Hours at Cone 10 


~ 
orma- 

= 
Topdeck 1.96 8500 8.06 
2d top 10? 2.54 8306 7.63 
3d top 10? 2.38 8135 7.42 
4th top 10? 2.44 8050 7.74 
5th top 10 2.77 7649 7.53 


The properties were fairly uniform from top to bottom 
on this firing. The strength regularly decreased from 
top to bottom, the absorption increased fairly regularly, 
and the shrinkage data appeared to be erratic. 

A comparison of data on a large number of specimens 
is given in Table VII. 

The strength and shrinkage are somewhat higher 
and the absorption is lower for the faster firing of this 
vitreous body. The differences are quite small al- 
though 70 specimens were tested in each case. 


VII 


COMPARATIVE DATA ON PROPERTIES OF SPECIMENS FIRED 
IN MuFFLE AND MULTIBURNER KILNS 


Multi- 
Muffle burner 
kiln kiln 

Firing time (hr.) 37.2 42 
Cone deformation 13! 13! 
Linear drying shrinkage (%) 6.00 5.95 
Linear firing shrinkage (%) 8.51 8.48 
Total linear shrinkage (%) 14.51 14.43 
Fired flexural strength (Ib./sq. in.) 10796 10425 
Absorption (%) 0.063 0.068 
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ll. Effect of Repeated Firings 

These tests are valuable from the standpoint of 
changes undergone in the properties of ware that is re- 
fired to correct slight defects as well as to study the 
characteristics of the body. 

A set of specimens was fired repeatedly in the same 
relative car position through a muffle kiln in 37.2 hours. 
To illustrate the removal of specimens at different 
cycles for testing, the specimens were placed in a row 
and numbered from 1 to 100; with each cycle, 10 bars 
were removed in the order given as follows: 


Cycle No. Bars removed 
1 1, 11, 21,31, 41 
2 2, 12, 22, 32 
3 3, 13, 23 


The remaining specimens were placed as closely to- 
gether as possible, which increased the uniformity of 
thermal history. The data are plotted in Fig. 2. 

When specimens of different bodies are being compared, 
they should be staggered, i.e., one of body A, one of body 
B, one of body C, and starting again with body A, etc., to 
obtain better equalization of treatment. 


Another set of specimens was fired repeatedly 
through a multiburner kiln, the first 10 cycles in 42 
hours and the last 6 cycles in 63 hours (see Fig. 3). 

After the repeated firings, the vitreous china body 
became somewhat more absorptive, underwent a slight 
expansion, and increased noticeably in strength. The 


/3 
Wwe 
8.50 
(2) 
8.42 = 
8.34 
sak 
No.of firings 
Come 122 124 122 124 193 123 131 129 1394 13? 137 
deformation 
Fic. 2.—Effect of repeated firings on ies of 
vitreous china body (faster firing); curves: (1) flexural 


strength X 10%; (2) firing shrinkage (%), decrease rep- 
resents expansion; (3) absorption (%). 


Vol. 25, No. 2 


. 3 
5 
\ 
Mi 
Ae 
" 


increase in strength may have resulted from the de- 
velopment of a more favorable structure (Fig. 6) or 
from the formation of an extremely thin vitreous film 
on the surface which was acquired from glaze fumes in 
the kiln and from progressive vitrification. Some of the 
specimens after 12 and 16 firings appeared to have a 
barely noticeable glassy surface. Such a thin film de- 
veloped after prolonged firing might exert a beneficial 
effect from the stress angle and might also cover body 
discontinuities to eliminate focal points for initial fail- 
ure. When the specimens used in strength tests were 
broken, the fracture seemed to become smoother with 
progressive firings; continued quartz solution and more 
crystalline development would also be expected. 


12 
48 10 
(2); 
840 = 
832 4 
Gr 
824 = 
03 
123 45 
C No. of firings 
one 125 128/28 13" 124 19? 125137 137 13413 137 13? 137 137 
Fic. 3.—Effect of repeated firings on ies of a 
vitreous china body (slower firing); curves: (1) flexural 


strength X 10°; (2) firing shrinkage (%); (3) absorption 


(%). 


A comparison of the data given on Figs. 2 and 3 
shows the same trends although there is some irregu- 
larity. The firing-shrinkage value steadily decreased 
in both sets of data which indicates a continuous but 
small expansion of the body with repeated firings. 
After 12 firings, the expansion was 0.13% over the 
initial fired value on the faster firing, shown in Fig. 2, 
in contrast with 0.17% for the slower firing, shown in 
Fig. 3. The strength increase in the 12th cycle over 
the initial first fired value was 15.6% for the faster 
firing compared to 11.6% for the slower firing; the 
absorption was similar. For practical purposes, the 
changes noted here on refiring this body once or twice 
are insignificant. In a few cases, blistering uccurred 
in the interval between 12 and 16 firings. 


Ill. Microstructure Versus Thermal Hiztory 

Figures 4 and 5 show photomicrographs of thin sec- 
tions of the vitreous china body fired at different rates. 
A faster firing rate and a higher temperature (muffle 
kiln, 37.2 hr., max. temp., 2300°F.), were used in the 
first treatment, whereas the second treatment used a 
slower rate of firing and a lower temperature at a rela- 
tively prolonged soaking period (multiburner kiln, 
50.4 hr., max. temp., 2275°F.). 
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Fic. 4.—Microstructure of vitreous china body 
(475 X). 


The body shown in Fig. 4(A) was fired at the faster 
rate and higher temperature (on the top deck of the car), 
and under these conditions, the crystallizing tendencies 
were lessened. Figure 4(B) shows the same body fired 
on the bottom deck of the same car. To compare these 
microstructures with those fired at the slower rate 
and lower temperature, Fig. 5(A) represents the top 
deck of the car and Fig. 5(B), the bottom deck posi- 
tion. The mullite crystals are more fully developed, 
particularly the specimen in Fig. 5(A). A different 
structure develops when the specimens are fired in 
varying lengths of time to the same cone tempera- 
ture as has been previously shown. The shorter fir- 
ing time and the higher temperature permit less 
quartz solution and mullite development than when 
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a longer firing time and a lower temperature are used. 
The importance of the time factor on solution and crys- 
talline development has been repeatedly noted. The 
data obtained in this study show that the higher tem- 
perature-faster firing method gave higher strength 
although this increase in general was not marked. The 
effect of the cooling rate on the strength cannot be 
overlooked in drawing conclusions as to the relation of 
structure to strength; a structure with large mullite 
needles probably would lower the resistance to fatiguing. 

Figure 6 shows the microstructure of the vitreous 
china body after 16 firing cycles through a multiburner 
kiln (see section II on repeated firings). The micro- 
structure indicates progressive solution and also a 
well-defined crystalline development. 


Fic. 5.—Microstructure of vitreous china body (slower 
firing, 475 X). 


Journal of The American Ceramic Society—Koenig 


IV. Thermal Expansion Versus Thermal History 

Many data have shown that small differences in 
thermal history may have a marked effect on thermal 
expansion. Changes in this coefficient in the range of 
5 X 10-* to 6 X 10~* have been observed in some 
electrical-porcelain body compositions when extreme 
variations in the firing schedule occurred.' 


Fic. 6.—Microstructure of vitreous china body after 16 
repeated firings (475 X). 


The thermal expansion of the body is essentially the 
expansion of the glass-phase solution and the charac- 
teristics of the undissolved constituents. The differ- 
ences in expansion that were noted with small differ- 
ences in thermal history have a ready explanation in 
the extent of quartzsolution. Free flint has a relatively 
great expansion whereas dissolved flint tends to de- 
crease the expansion characteristics of the glassy phase. 
Various body ingredients may have different effects on 
the expansion in the different firing treatments, de- 
pending on the solubility characteristics. The co- 
efficient of thermal expansion of a porcelain body seems 
to be closely related to small changes in the composition 
of the glass phase,' and a determining factor might be 
the rate of heating as the vitrification period is ap- 
proached. Shelton and Meyer* studied the effect of 
temperature rise on the reactivity of the glass phase at 
vitrification. Within certain limits, the low values were 
obtained with the more rapid rates of temperature rise 
and the higher values with the lower rates. 


1E. H. Fritz and H. C. Harrison, “Effect of Thermal 
History on Physical Properties of Electrical Porcelain,” 
Bull. Amer. Ceram. Soc., 18 (11] 420-21 (1939). 

2G. R. Shelton and W. W. Meyer, “Nature of Glass 
Phase in Heated Clay Materials: II, Effect of Rate of Heat- 
ing on Glass Phase and Physical Properties of Whiteware 
Bodies,” Jour. Amer. Ceram. Soc., 21 [11] 371-85 (1938). 
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The physical properties of glasses (expansion, 
strength, and elasticity) and, consequently, the glassy 
phase in a body, are known to be affected by the firing 
and the cooling rates. Weyl’ states that glasses attain 
a degree of homogeneity in the molten state so that pro- 
longed heating at these temperatures does not affect 
their properties materially unless composition changes 
are effected through volatilization or unless there is 
attack on the refractories. The rate of cooling, how- 
ever, has considerable influence on the properties of 
glasses produced. Chilled glasses are known to have 
higher coefficients of expansion than annealed glasses. 
When a Pyrex-brand glass was heated at temperatures 
between 450° and 750°C., its mean linear expansivity 
between 20° and 200°C. changed more than 10%.‘ 

The variation in the thermal expansion of a vitreous 
body fired on various car decks through a muffle kiln 
in 37.2 hours is shown in Fig.7. The National Bureau 
of Standards type of extensiometer and a heating rate 
of 100°C. per hour were used. Expansion rods were 
fired in similar positions on the various decks of a car 
with a cone plaque next to each specimen. In the four 
top decks, the maximum difference in cone tempera- 
ture was 3 o'clock; the top deck, cone 13*; and the 4th 
top deck, cone 13%. The second and third top decks 
showed intermediate cone-deformation and thermal- 
expansion values. The thermal-expansion values of 
this body from cones 12* to 13° decreased progressively 
as the temperature was raised. This decrease in ther- 
mal expansion may be related to the increasing quartz 
solution in the glassy phase. In these and other data 
obtained on this vitreous body, the higher firing caused 
less change at the quartz inversion temperature. Fur- 
ther data were obtained with the improved interfero- 
metric procedure*; these data are shown in Fig. 8 for 
the vitreous body fired to come 12' and cone 13? in 37 
hours. This body, asin all of the previous cases,showed 
a lower thermal expansion at the higher firing tempera- 
ture. 


V. Effect of Thermal History on Glaze Condition 


The ring specimens that were used had the same glaze 
application and were placed in 45 different positions in 
a kiln car and were single fired. The results of the test 
are shown in Table VIII. 

The rings fired on the four top decks developed simi- 
lar glaze compression; that of the rings fired on the 
bottom (5th top) deck was definitely lower. The ther- 
mal expansion of the vitreous body was higher for the 
lower cone temperature than when it was fired on the 
upper decks to higher cone temperatures. From the 
body thermal dilatation alone, a higher glaze compres- 
sion would be expected for the lower temperature firing. 


*W. A. Weyl, “Thermal History of Glassy 
Its Effect on Physical Properties,” Bull. Amer. Ceram. 
Soc., 18 [11] 416-19 (1939). 

‘J. B. Saunders and A. Q. Tool, “‘Effect of Heat-Treat- 
ment on Expansivity of a Pyrex-Brand Glass,” Bur. 
Standards Jour. Research, 1 (6] 799-810 (1933); R.P. 
626; Abs., 13 [3] 56 (1934). 

j.B . Saunders, “Improved Interferometric Procedure 
with Application to to Ex Measurements,” Jour. 
Nat. Bur. Standards, 23 ft} 179-95 (1939); R.P. 1227; 
Ceram. Abs., 18 [11] 306 (1939). 
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Fic. 7.—Thermal ex of vitreous china body; 
curves: (1) 5th top deck, cone 12°, (2) 3d top deck, cone 
13?, (3) 2d top deck, cone 13", (4) top deck cone 13°. 


Linear therma/ expansion (%) 


400 600 800 


Fic. 8.—Thermal expansion of vitreous china body. 


The glaze, however, as well as the body, had lower ex- 
pansion at the higher firing. This was shown experi- 
mentally by measurements of a number of glazes taken 
from ware which was fired to cones 12' and 13*. The 
greater body solution by the glaze at the higher tem- 
perature provides for lowering of the glaze expansion 
as well as for more volatilization of certain glaze ingre- 
dients. 

Considerable data were taken to show additional 
effects of thermal history (different firing schedules and 
cone temperatures) on the stress condition of various 
glazes on the vitreous body (see Table IX). 

The marked effect of thermal history on the glaze 
stress condition is further shown, and the lower cone 
temperature again gave the lowest glaze compression. 
As previously noted, these results do not agree with the 
individual body thermal-expansion data. In consid- 


Taste VIII 
Rinc Test SpPeEcIMENS Frrep IN Forty-Frve Posrrions* 


1 
2 .086 ‘ .088 092 068 .084 
3 . 104 .088 .076 .102 .046 .083 
4 .094 .092 .080 .070 
5 .004 .086 .090 060 O84 
6 .090 .100 .092 .076 .068 085 
7 .082 .098 .004 .104 .054 086 
.104 09s 092 
9 .082 085 
Avg. .094 092 «64.0900 
* All of the values are in mm. minus (—) compression. 


. 


* 
(4) 
250 400 500550600 700 850 1000 
Cone 12". 
“Cone 
Firing 
position Topdeck 2dtop 3dtop 4thtop Sthtop Avg. 
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ering the effect of the variation of body expansion with 
thermal history on the resultant properties, the assump- 
tion that the glaze is stable or has similar expansion for 
different thermal history is fallacious. It is evident 
from actual measurements of the glaze (taken from the 
ware) that thermal history and its effect on the extent 
of the glaze-body reaction play an important role in the 
glaze thermal expansion. 


Taste IX 
Graze 
Multiburner kiln 

Glaze Muffie kiln 

No. s7abe cone 13") (42 br., cone 12%) (42 hr., cone 11‘) 

1 0.076 0.080 0.055 
2 .098 .107 .075 
3 .071 .057 .047 
4 .090 .086 .080 
5 .125 .094 .064 
6 .110 .093 .072 
7 .110 .078 .070 
8 .128 .094 .082 
g .132 .087 .078 
10 .146 .108 .072 
ll .120 .068 .064 
12 . 126 .070 .068 
13 .138 .079 .060 
14 .130 .077 .072 
15 .119 .072 .065 
16 .127 .074 .070 
17 .141 .087 . 082 
18 .140 .093 .068 
19 .055 .052 .0388 
20 .181 .177 .101 


* Values in mm. minus (—) compression; avg. of 3 rings. 


Inasmuch as the glaze stress condition has been shown 
to be affected by the thermal treatment, the various 
properties, such as mechanical strength and thermal 
endurance of the glazed specimen, which depend on 
the stress condition, are similarly affected. As the 
compressive stress in the glaze is progressively higher, 
these properties are enhanced. 

Among the possible factors which enter into an ex- 
planation of the effect of firing rates and temperatures 
on the stress condition are (1) physical changes of the 
body in expansion, elastic, and strength properties, 
(2) changes in similar properties of the glaze, and (3) 
the viscosity-temperature characteristics of the glaze 


and changes in these properties as a result of body- 
glaze interaction. Some of these conditions offset one 
another, and an optimum treatment probably exists for 
any particular glaze and body which would give the 
most desirable stress condition possible for that glaze 
and body. 

The variation in glaze stress condition, with rela- 
tively small differences in thermal history, emphasizes 
the necessity in experimental work of the use of a 
standard body and glaze which is fired along with the 
experimental body or experimental glaze. The com- 
parative data thus attained provide a relative estimate 
and to a large extent, eliminate the question of how 
much thermal history differences influence these data. 
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-Season’s Greetings 


A happy prosperous year is the wish of each member for each 
other member of this Society. 


The sad realities are that many of our members will be neither 
happy nor prosperous. 


About one hundred Personal and five Corporation Members 
and two hundred and forty-two subscribers can no longer receive 
mail from America. 


Several of our members have been called to the colors. 


To carry on will require the energetic effort of all who are at 


home. 


The upswing in membership support, as shown in the following 
table for the year 1941, can be continued only by the concerted 
effort of every able person. 


Paid Membership Record 


Members Paid 
Date of Record Deferred 


December 20, 1940 25 
January 20, 1941 27 
March 10, 1941 26 
April 21, 1941 47 
May 21, 1941 47 
June 21, 1941 45 
July 21, 1941 46 
August 21, 1941 45 
September 21, 1941 43 
October 21, 1941 43 
November 21, 1941 39 
December 21, 1941 38 


Paid Membership Record | 
| | 
| | 
| 
| 
é 594 220 3110 
620 220 3146 
563 220 2871 | 
Fe 580 220 2935 | 
220 3043 
a 220 3155 
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VEN more variable than 
the grains, shapes and 
mixtures of Norton refractory 
products are the varying jobs 
for which they are engineered. 


Norton technical literature 
reflects this wide experience in 
creating “job-perfect”’ refrac- 
tories . . . to do your particular 
job better and longer. 


Whatever complex of vari- 
ables you may require — 
strength, correct porosity, re- 
sistance to acids, oxidation, 
abrasion, slagging, thermal 
shock — Norton engineers may, 
through past experience, imme- 
diately recognize the ideal com- 
promise between your opposing 
needs. 


Along with each Norton 
electric-furnacerefractory prod- 
uct — silicon carbide, alumina 
or magnesia in the right shape 
or mixture — you collect the 
thoughts of Norton engineers, 
tested in field and laboratory, 
ready for immediate applica- 
tion in your plant. 


CRYSTOLON (SIC) Car Tops End 
Klin Car Werries, Lower Costs 


If kiln cars are on your list of con- 
stant worries, investigate Norton 
CRYSTOLON (silicon carbide) plates. 
You will find that their high refrac- 
toriness and improved resistance to 
on this vital part of tunnel equipment. 
Also there are available for bonding 
several types of ALUNDUM and 
CRYSTOLON cements, to meet your 
kiln conditions. 


The unique Manion ‘‘V-Bottoms” 
of Ferro Furnaces with Refractories 
by Norton mark a big step forward in 
heat transfer by a 40% increase in 


radiating surfaces, with more even 
distribution of heat on products being 
fired. Built exclusively of Norton 
ALUNDUM or CRYSTOLON Ma- 
terial, the “V's” spell out an impor- 
tant message for you and every 
enameling plant operator: long and 
dependable service through engi- 
neered design, chemical stability and 
resistance to spalling or softening. 


Patented Norton Sictted Batts 
Defy Termperature Differentials 


What causes batt breakage? When 
Norton Research discovered that tem- 
perature differentials existing in cer- 
tain sections of batts were the main 
cause of breakage, Norton developed 
th. patented slotted batt. Slotted 
along the edges, Norton CRYSTO- 
LON (silicon carbide) batts are 
specially designed to resist breakage 
in the kiln, and, like so many other 
CRYSTOLON and ALUNDUM sup- 
ports of many shapes and sizes, will 
give you dependable service at high 
temperatures, longer. 

See full details on Norton Re- 
fractory Products for Ceramic and 
Enameling Industries 
“Ceramic Data Book.”’ 


in new 


frequent, violent thermal shock. 


by ever-increasing use. 


For Optical Lenses — Smooth, Pure, Shock-Resistant Plates 

For heating glass lens blanks prior to molding, the optical indus- 
try sought refractory plates of high purity and great smoothness — 
to prevent sticking and damage to the glass surface from a pickup 
of foreign material — and with the ability to give long service under 


Norton engineers met the problem with plates of a special white 
ALUNDUM material, with a fine-grained veneer on one side. Their 
successful combination of properties difficult to combine, is proved 


Refractory Shapes and Cements of CRYSTOLON (silicon carbide), ALUNDUM (fused 
alumina), and fused Magnesia Grains 


NORTON COMPANY, WORCESTER, MASS. 
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AN INVESTMENT WHICH IS 
TAX-EXEMPT AND 
“DEPRESSION-PROOF” 


is available to those interested in the ceramic and allied industries. 
would be wise to avail yourself of such an opportunity. 


It 


Obviously, the only “sure thing” is an investment in knowledge and ex- 
Some people can, without referring to the experiences of others, 
accumulate a considerable store of information in the course of a lifetime. 
Such people are indeed a rarity. It is not safe to assume that you belong 
to such a group, since the odds are against any such probability. Even if 
you are one of the fortunate few, a lifetime is a considerable time to spend at 
problems which could be solved in a relatively short time by a simple refer- 
Only by having a clearing house for 
the knowledge, experience, and information accumulated by many minds 


ence to the literature on the subject. 


can continued progress be assured in any line of endeavor. 


If you are occupied in any ceramic or allied industry, whether as employer 
or employee, it is reasonably safe to assume that a good proportion of your 
success is due to the efforts of the American Ceramic Society to further the 


advance of the industry through the publications of this Society. 


The Society will continue to work in your behalf, placing at your disposal 


It would be wise to lend 


the latest scientific developments in your field. 
this organization your whole-hearted support. 


The American Ceramic Society needs you as a member. 
MUST HAVE what the Society has to offer. 


CORPORATION MEMBERSHIP $25.00 
PERSONAL MEMBERSHIP 


AMERICAN CERAMIC SOCIETY 
2525 N. High Street 


You need and 


Columbus, Ohio 
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PROPERTIES OF WARE VERSUS THERMAL HISTORY: Il, TESTS ON SEMIVITREOUS 
CHINA BODIES AND WARE* 


By J. H. Kognic 


ABSTRACT 


The properties of semivitreous bodies and ware, which were given different thermal 
treatments, are compared. The tests include flexural strength, shrinkage, absorption, 
elasticity, moisture, and thermal expansion. The resistance to crazing vs. the bisque 
thermal history is correlated with (1) the moisture and thermal expansion of the two 
bodies studied, (2) actual crazing tests on ware made from these bodies, and (3) glaze fit 
tests. The variation in glaze texture, hardness, and stress condition for different glost- 
firing treatment was stuc‘ied. 


|. Procedure and Test Data Figure 2 shows the variations in the properties of 

Two semivitreous bodies were studied; one of these bodies and ware compared to the position on the car 
(No. 3) was a tale-pyrophyllite body. Plates were deck or the height in the kiln. The cone deformations 
jiggered from each body, using the same tool setting, ear the specimens in their firing positions are given 
and other specimens were prepared from the same 4t the bottom of Fig. 2. Body No. 2 varied in flexural 
body samples. strength from 6400 Ib. per sq. in. on the top deck fired 
The specimens were fired on different car decks at cone 10' to 5600 Ib. per sq. in. on the 5th top deck 
through a Dressler multiburner direct-fire tunnel kiln fired at cone 9°. The elastic moduli were generally 


on cone 8 and cone 9 firings (same schedule). Figure1 elated to the strength, that is, the stronger the 
shows a representa- mechanical bond, the more difficult it was to distort 


tive core deforma- under load. The variations in firing shrinkage and 
tion for these fir- in bisque rim warpage are shown as well as the re- 
ings. The speci- sistance of the bisque to mechanical abuse and the 


mens and bungs of 
plates were placed 


in the same rela- s 7000 
tive area of each 
deck. The glost- 2 ¢o00/ 
firing treatment N a 
was held as similar & ana | 
as possible. The 20 & 
specimens were 
glost fired in saggers 
in the samerelative 
position through a “& 
various decks; op deck; 1 j & & 
top deck; (3) 3d top deck; (4) 
4th top deck; (5) 5th top deck > > 
(bottom deck). mation in the vari- “$55 
ous saggers in which 
specimens were fired was seven saggers to cone 6! “kK 
and four saggers to cone 6*. Because the specimens PP 
were purposely distributed among the different saggers, = 
the glost thermal history is considered to be fairly uni- . . 90 45) 
form. The same dinnerware glaze (cone 5) was used & 8 4 ee 
on all of the glazed specimens. 1 
(1) Specimens Fired in Different Car Deck Positions Dok 46) 
to Cones 8 and 9 & d 
Tables I and II, which present the individual data for Sas 1 L 4 i i 
the specimens and ware on the specific car decks, show Topdeck 2ndtop 3rdtop 4thiop 5thtop 
the effect on these properties of slight variations in heat- Cone No. 10’ 96 94 cd 


treatment. 


Fic. 2.—Variation in properties vs. car deck position; 

. Presented at the Forty-First Annual Meeting, The solid lines represent body No. 2; dotted lines represent 
American Ceramic Society, Chicago, Ill., April 17, 1939 body No. 3; curves: (1) flexural strength; (2) elastic 
(Symposium on The Importance of Thermal History). modulus; (3) firing shrinkage; (4) rim warpage; 
Received August 18, 1941. (5) impact strength; (6) chipping yb 


(1942) 41 


fisher” 
‘ 


chipping and impact values for the specimens fired in 
the different positions. These variations in properties 
with improved firing conditions probably indicate the 
greater variation formerly noticed in such properties 
for different kiln positions when poorer firing conditions 
were attained. 


(3), Beees Absorption vs. Positions in Bung and 


Table III shows the bisque absorption of the plates 
versus the firing position of the bisque in the bung. 

Figure 3 shows absorption data on bisque ware which 
was made from the two semivitreous bodies. The 
average absorption of the top, center, and bottom 
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plates from a number of bungs (10 plates to a bung) 
for the two firings are shown at the top of Fig. 3. 
These bungs were in the same relative position on each 
deck. The top plates have the lowest absorption, and 
those in the center of the bung the highest absorption. 
The variation in absorption of the bisque ware from the 
different car decks is shown at the bottom of Fig. 3. 
The centers of bisque ware in all of the tests were more 
than the rim or outer portion. The plates in 
the bungs that were placed in the center of the car show 
greater absorption than those (comparative position 
in bung) placed on the outside of the car. These re- 
sults have been correlated by other data. 
Figure 4 shows data on rim warpage and plate size 


Plate size (in.) 


Taste I 


EFrrect OF VARIATIONS IN HEAT-TREATMENT ON WARE ON SpEciFic Car Decks 


Car deck 


Cone deformation 
Flexural strength (Ib./sq. in.) 
Elastic modulus ies in. X 10*) 


Absorption (%) 
Firing shrinkage (%) 
Weight (gm.) {Bisaue 

~ 
Plate size (in.) [bisque 
Rim warpage (in.) — 
Loss on biscuit (%) 
Weight of fired film (gm.) 
Increase on glazing (%) 


Hr. 


ar 


Glaze compression (mm., ring test) 


Cone deformation 
Flexural strength (Ib./sq. in.) 
Elastic modulus ie /sq. in. X 10°) 


Absorption (%) 


Firing shri (%) 
Weight (gm.) {brave 


bisque 
glost 
Rim warpage (in.) 
Loss on biscuit (%) 
Weight of fired film ( 
Increase on glazing (%) 


Chipping (in.-Ib.) 


lost 
Impact (in.-Ib./in. of thickness) od 
glost 


Semivitreous body No. 2 on cone 8 firing 


Top deck 2d top 3d top 4th top 5th tep 
9? 9? 9? 8? 
5717 5809 5328 5467 5339 
5.75 6.31 5.35 5.69 5.94 
8.15 7.31 7.63 7.89 8.31 
8.58 8.02 8.92 8.50 9.02 
5.69 5.61 5.58 5.01 5.36 

412.0 409.9 396.3 412.7 408.7 

425.8 429.5 410.7 428.9 423.4 
9.20 9.20 9.24 9.24 9.24 
9.13 9.18 9.19 9.20 9.21 

0.078 0.085 0.056 0.055 0.056 

0.099 0.092 0.082 0.098 0.078 
7.25 7.85 7.39 7.36 7.26 

17.47 17.97 17.23 17.43 17.37 
4.28 .37 4.38 4.24 4.28 

Moisture expansion (%) at 150 Ib./sq. in. 

0.048 0.041 0.042 
.121 .101 .099 
.123 . 109 .104 
. 130 .112 -110 

(—) 0.166 (—) 0.146 (—) 0.134 (—) 0.142 (—) 0.154 
Semivitreous body No. 2 on cone 9 firing 

9*, 10! gs 93 93 

6646 5926 5263 5695 5633 

6.91 6.01 5.30 5.92 5.76 

5.91 6.67 7.75 7.54 7.28 

6.69 6.66 8.05 7.69 7.44 

6.47 5.89 5.78 5.54 5.70 

407 .2 410.4 415.7 414.3 412.2 

424.6 428.7 433 .7 436 .6 430.9 

9.15 9.18 9.22 9.21 9.22 

9.12 9.17 9.19 9.23 9.20 

0.063 0.068 0.057 0.080 0.081 

0.086 0.086 0.070 0.085 0.079 

7.46 7.52 7.43 7.64 7.93 

18.16 18.22 18.32 18.48 17.96 

4.47 4.44 4.41 4.42 4.35 

0.97 1.07 1.03 0.85 0.94 

1.38 1.04 1.02 0.84 0.88 

8.03 7.77 8.31 7.79 8.32 

6.50 5.65 5.38 6.17 6.23 
Moisture expansion (%) at 150 Ib./sq. in. 

0.036 0.038 

.080 .076 

.084 . 082 

.098 .094 

-102 .096 

(—)0.158 (—)0.142 (—)0.114 (—)0.129 (—)0.141 
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cant 
| 
Hr. 
1 
3 
Glaze compression (mm., ring test) 


for several hundred specimens for various firing posi- 
tions on the car deck; at the bottom are the results 
versus the position of the plate in the bung. The size 
of the plate varies slightly with the position in the bung. 


Absorption (%) 
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a (2)_-- 


T 


4 


AW) 
4 


l 


Versus position in buag 


Bottom of bung 
Top --“Center 


Versus car deck position 


~ 


Plate size(in) 


Warpage Plate size 


g 


Topdeck 2ndtop 3rd top 


Fic. 3.—Bisque absorption vs. position in bung and 
car deck; curves: (1) body No. 2, cone 9 firing; (2) body 


No. 3, cone 8 


Tasie II 


Na of plates in bung 


6 


EFFECT OF VARIATIONS IN HEAT-TREATMENT ON WARE ON Specific Car Decks 


Car deck 
Cone deformation 
Flexural strength (Ib./sq. in.) 
Elastic modulus (Ib./sq. in. X 10*) 
Absorption 
Firing shrinkage (%) 
Weight (gm.){Pisaue 


Plate size (in.){ 
Rim warpage Gnd 
Loss on biscuit (% 

Weight of fired film (gm.) 
Increase on yt (%) 


bisque 
Chipping (in.-Ib.) glost 


glost 


Impact (in.-Ib./in. of thickness) {Disaue 7.67 


Cone deformation 

Flexural strength (ib./sq. in.) 
Elastic modulus (Ib./sq. in. X 10*) 
Absorption (%) 

Plate size (in.){Bisaue 


Rim warpage 


Semivitreous body No. 3 on cone 8 firing 


Top deck 2d top 3d top 
9? 9? 
5888 6059 6454 
6.31 6.40 6.62 
6.39 6.22 6.10 
7.42 7.63 8.23 
5.53 5.47 5.67 
379.4 375.9 377.3 
398.4 393.3 396.9 
9.29 9.32 9.31 
9.28 9.30 9.32 
0.079 0.075 0.079 
0.073 0.070 0.083 
11.19 10.47 9.99 
18.31 18.55 18.88 
4.82 4.95 5.00 
0.72 0.86 0.82 
64 0.62 0.64 
7.41 7.29 

6.12 6.32 


Moisture expansion (%) at 150 Ib./sq. in. 


0.016 
.029 
.033 
.039 
.041 
Semivitreous body No. 3 on cone 9 firing 

9*, 10! g¢ 

6693 6462 

6.97 6.72 

4.99 5.41 

9.28 9.28 

9.28 9.31 

0.063 0.090 

0.101 0.079 


Moisture expansion (%) at 150 Ib./sq. in. 


Fic. 4.—Bisque rim warpage and plate size for various 
firing positions; solid lines represent body No. 2, cone 9 
firing; broken lines represent body No. 3, cone 8 firing. 


oo 


— 


43 
Versus deck position 
93 
9/ 4 
eg, Versus positron of plate in bung 
? 
bottom 
ring. 
i 
4th top 5th top ’ 
6113 6161 | 
6.32 
6.33 
7.56 
5.73 
380.7 
| | 
0.019 
032 
041 
9 
6429 6202 6850 | 
6.60 6.29 6.99 
5.35 5.26 4.75 
9.27 9.26 9.25 
9.29 9.28 9.25 | 
0.116 0.087 0.083 
0.090 0.086 0.050 
Hr. 
1 0.004 0.005 
2 
3 .014 016 
4 
5 024 
(1942) 
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: The top plates are the smallest; the center plates, the Taste IV 
largest; and the bottom plates, intermediate in outside THERMAL EXPANSION OF SEMIVITREOUS Bopirs 
diameter, although all of these differences are small. Body No. 2 2 3 3 
These data agree with the absorption values. The rim Conedeformation 9° 9! 
warpage is also greater for the top and bottom plates (%) 
and less for the center plates. This fact appears to be Temp. (°C.) - ~ 
more than a coincidence in spite of the role which form- 30-100 0.037 0.036 
ing and drying of the ware may have on this property. 4 = = = 0. 4 
400 
Taste III 500 .318 .279 .377 .348 
Bisque ABSORPTION (%) vs. BuNG PosiTIoN 
Rang 700 503 .436 515 .492 
Body No. 2, cone 9 Top Middle Bottom = 
Top deck 5.70 7.13 7.24 
2d top deck 5.83 6.81 7.34 
merc 7.89 8.10 8.10 
ang 7.61 7.86 7.60 
6.89 7.99 7.45 
Avg. 6.78 7.58 7.54 
Body No. 3, cone 8 
Top deck 6.54 7.80 7.92 
2d top deck 7.72 8.01 7.16 
— 8.16 8.26 8.26 
ew 7.36 7.74 7.57 
oe 6.98 7.42 7.65 
Avg. 7.35 7.85 7.71 


Il. Thermal Expansion vs. Thermal History 

Thermal-expansion measurements were made on rod 
specimens with the National Bureau of Standards type 
of dilatometer. All of the specimens were fired in the 
same relative position in the kiln on both firings (Table 
IV). 
The higher firing decreased the thermal expansion of 
both bodies (Fig. 5). Body No. 2 had more of the in- 
version “‘kick’”’ and more falling off above this point in 
the lower firing treatment than when it was fired at one 
cone higher; at both cone temperatures, this reaction 
was more manifest in body No. 2 than in body No. 3, Ae 
which had less initial free flint. 


0.6 


Linear expansion 
S 


Qo 
200 600 /000 


°C 
Fic. 5.—Thermal expansion of semivitreous bodies 
Nos. 2 and 3 at cone 9' and cone 9*; heavy solid and 
heavy broken lines represent normal firing of bodies; 
curves: (1) body No. 3, cone 9!; (2) body No. 3, cone Fic. 6.—Microstructure of bodies (475 X); A, body 
9*; (3) body No. 2, cone 9!; (4) body No. 2, cone 9°. No. 2, B, body No. 3. 
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The photomicrostructure of these two bodies is shown 
in Fig. 6. 

The large quartz grains in body No. 2 indicate that 
there was no solution, but the smaller grains seem to be 
rounded off. Pseudomorphs of feldspar grains are 
visible with embedded mullite needles. These mullite 
needles are more highly developed in one of the feldspar 
pseudomorphs (that is, two feldspars in the body) prob- 
ably because of the difference in viscosity. Little, if 
any, development of mullite is noted in body No. 3. 

Thermal-expansion measurements of a number of 
commercial bodies were run at intervals from 6 months 
to one year, and some of these data are shown in Fig. 7. 
A semivitreous body from plant A showed the greatest 
variation in this property at the test intervals; there is 
less variation in the data on the semivitreous body 
from plant B. Although variations in plant prepara- 
tions may be an active factor in effecting such differ- 
ences (for example, the grain size of the nonplastics), 
the differences in the thermal history are also important. 


9 
N 


Linear thermal expansion (%) 
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Fic. 7.—Thermal expansion of commercial 
at intervals; curves: (1) plant B; (2) plant 


bodies tested 
A; (3) plant C. 


Taste V 
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A noticeable difference in the body from plant A is as- 
signed to a known change in the bisque firing; plant C 
is a hotel china body. 


Ill. Resistance to Crazing vs. Bisque Thermal 
History 

The moisture-expansion data for bodies Nos. 2 and 3 
are given in Tables I and II. The specimens (5-in. 
rods), which were measured after each autoclave treat- 
ment, were subjected to 150 Ib. of steam pressure for 
one hour and were given one hour to build and to re- 
lease the pressure uniformly. An Ames dial, which 
could be read with ease to '/io.00 inch, was used to 
measure the moisture expansion. The porosity and 
moisture expansion were reduced at the higher cone 
firings as was expected. These effects are shown in 
Fig. 8. 

The same schedule was used to measure the resist- 
ance to crazing in the autoclave as for the moisture- 
expansion measurements. The test was repeated on 
the plates to initial failure, and the factor is an average 
of the total number of cycles to produce failure of all 
the plates being tested divided by the number of plates. 
Factors expressing resistance to thermal quenching 
were calculated by the same method. The thermal- 
shock test consisted of quenching from an oven tem- 
perature of 175°C. to water at 25°C. These data are 
given in Table V. 


0.12 T 


Linear expansion (%) 


2 3 
Hours in autoclave af mar pressure of 150 le 
Fic. 8.—Moisture expansion of semivitreous bodies; 
curves: (1) body No. 2, come 8*; (2) body No. 2, cone 
9*; (3) body No. 3, cone 8*; (4) body No. 3, cone 9’. 


Gtaze Stress ConpItTIon vs. CRAZING 


Limear thermal expansion (%) 


Crazing factors 
Autoclave expansion 
test 
(i br./150 tb.) (175°-25 


0.099 


30°-600°C. 30°-1000°C. 


0.388 
.457 


471 


(—)0.114 
- 134 


0.540 
(—) 


. 148 
-238 


-642 


= 
| 
Ay 
VA 
/ 
4 } 
4 
] 
Sf 
‘ 
Glaze compression (mm 
Body No. 2 
Cone 9 2.9 5.2 (—)0.99 
Body No. 3 
Cone 9 8.4 8.5 027 
Cone 8 10.3 9.4 .042 
* Softening point to room temperature. 
(1942) 
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Plates of both bodies which received the higher firing 
treatment had less resistance to crazing in the auto- 
clave than the plates which were subjected to the lower 
firing. The absorption and moisture expansion, how- 
ever, were reduced by the higher firing. This observa- 
tion is explained by the glaze-fit data in Table V and 
also by the thermal-expansion data. The higher firing 
gave a lower expansion in both bodies; this fact is re- 
flected in the glaze-fit data, in which the same glaze 
application and glost firing indicated a higher glaze 
compression on the bodies that were fired to a lower 
cone temperature or on those with a higher body ex- 
pansion. Inasmuch as the comparison given here is 
for an individual body, any change in glaze expansion 
due to the body is relative. The effect of the initial 
glaze condition, therefore, is emphasized although it is 
also desirable to have low moisture expansion. For 
the same initial glaze condition, it is reasonable to sup- 
pose that the importance of low moisture expansion 
would be shown, but the data here indicate that differ- 
ences in moisture expansion are less important than 
those of thermal expansion. 


800 


Fic. 9.—Glaze stress as shown by tuning-fork test 
(heating cycle); curves: (1) body No. 2, cone 9*; (2) 
body No. 2, cone 9'. 


Tuning forks made from body No. 2 were prepared, 
bisque fired at cone 9' and cone 9°, glazed, and glost 
fired as in the earlier tests. The data are plotted as 
deflections on Fig. 9 (plotting the deflections seemed 
to be as satisfactory a method as calculating in terms 
of stress units). These data correlate with the glaze- 
stress data given by the ring test. (The correlation is 
good for these data as well as other data which have 
been taken.) The tuning-fork values given in Table 
V show the resultant stress at room temperature 
(softening point to room temperature), which is the 
value measured in the ring test. 

The two stress curves for the same glaze on body No. 
2, biscuited at cone 9' and cone 9°, at first show a rapid 
increase in tension where the glaze becomes rigid. 
This is above the inversion temperature where the body 
expansion is small; at the inversion temperature, the 
rapid body contraction throws the glaze over to less 
tension and, at lower temperatures, finally into com- 
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pression. This glaze, as on the ware and with the 
composition change which undoubtedly occurs, has 
less contraction than the body. The stress is again 
zero at about 500°C. for the glaze on body No. 2 which 
was biscuited at cone 9' and about 450°C. for the same 
body, biscuited at cone 9°. 

The glaze on the body bisque fired at a lower tempera- 
ture shows greater compression at all temperatures be- 
low 600°C. than the same glaze applied on the body 
that was bisque fired at a higher temperature. As 
could be predicted from the individual body thermal- 
expansion data in this case and as shown by the ring 
test, the degree of glaze compression is brought out by 
the tuning-fork data. The effect of the initial glaze 
compression plays an obviously important role in the 
autoclave resistance to crazing. 

Figure 9 also shows another glaze glost fired on 
body No. 2, which was bisque fired at cone 9. When 
this glaze becomes rigid (obviously at a lower tempera- 
ture than the cone 5 glaze), it goes into tension. There 
is a marked increase in tension, starting at about the 
quartz inversion temperature, which steadily becomes 
greater with decreasing temperature; at room tempera- 
ture, there is considerable tension (+1.28 mm.) and 
also initial crazing on the ware. The ring test value 
was (+) 0.059 mm. in tension. 


IV. Properties Versus Glost Thermal History 


(1) Variation in Glaze Stress 

Mellor' states that, through the solvent action of the 
glazes on the body, a better adhesion is obtained which 
helps to reduce crazing. To promote this solvent ac- 
tion, an increase in soaking time or a higher tempera- 
ture of glost firing is effective. Mellor also refers to an 
investigation in which 60% of the ware crazed at a 
glost-oven temperature of 970°C., 40% crazed at 
1020°C, and no crazing occurred at 1080°C. 

Some glaze-stress data on ware made from body No. 
2 are as follows: 


“ae Cone deformation Pag ring test) 
72 6* (—) 0.147 
72 (—) .140 
36 6! (—) .114 
36 46 (—) .022 


The longer and higher glost fire is beneficial to the 
amount of glaze compression and, concurrently, to the 
crazing resistance. 


(2) Variation in Glaze Texture 

The glaze microtexture of various specimens of 
bodies Nos. 2 and 3, having the same glaze applied and 
fired to cone 8 and cone 9, was examined using dark- 
field illumination; specimens that were bisque fired 
on each car deck, which received the same glost treat- 


1 J. W. Mellor, “‘Crazing and Peeling of Glazes,”” Trans. 
Ceram. Soc. (England ], 34 [1] 1-112 (1935); Ceram. Abs., 
14 [9] 233 (1938). 
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ment, were also included. The glaze in all cases was 
remarkably free from defects so that no comparison 
could be made. A double-frit glaze was used, and 
the lead frit was lead bisilicate. 

The variations in glaze texture with different glost 
thermal treatment were observed. Two glazes, each 
made of the same end formula but differing in the dis- 
tribution of their composition, received four different 
commercial glost firings. The bisque ware samples of 
the respective plants were also employed so that an- 
other variable was present. In laboratory trials, a 
difference was noted in the glaze application for the 
same glaze fired on different semivitreous bodies (with 
other conditions identical). This difference resulted 
from different chemical action. In some commercial 
glazes, small differences in glost temperature from the 
normal will not be reflected in the microtexture; in 
others, however, with all conditions identical, consider- 
able differences occur for small departures from the 
normal treatment. 

A further study of the effect of body solution on glaze 
development and freedom from defects was made. 
Experimental glazes were applied over a bisque vitreous 
china body (cone 13), a bisque semivitreous body 
(cone 9), and a green low-temperature body. These 
bodies were glost fired and single fired, respectively, 
at cone 5. The experimental glazes were a series of 
glazes of increasing silica content. The entire series 
developed well on the low-temperature body, single 
fired at cone 5 (this body is vitreous at cone 3). Only 
the lower silica-content glazes were good on the vitreous 
china body, and all of the glazes were defective and im- 
mature on the semivitreous body. The influence of 
the body on the glaze development is marked. 


(3) Variation of Glaze Hardness 

The microcharacter was used for the glaze-hardness 
tests. Microhardness numbers are directly propor- 
tional to resistance to scratching and therefore in re- 
ciprocal relation to the scratch width which is meas- 
ured. The glaze microhardness was determined on 
250 glost plates made from the semivitreous bodies, 
Nos. 2 and 3, which were bisque fired at cone 8 and cone 
9; these plates were sprayed at the same time. The 
average fired film on 7-in. plates was 18.43 gm., and the 
coefficient of variation was 1.5%. The glaze-thickness 
factor and its unquestionably great effect on many 
properties is minimized in these tests. The bisque 
plates, taken from the same relative position in the 
bisque firing, received the same glost fire, that is, they 
were placed in the same kiln position. The variation in 
cone temperature was less than 1 o'clock in 14 sag- 
gers so placed. 


Glaze microhardness No. 
‘Body No. 2 Body No. 3 
Cone 8 1385 1403 
Cone 9 1360 1320 


For the different bisque thermal treatments, the varia- 
tion in the glaze hardness was quite small; theoreti- 
cally, the less porous the bisque, the less the surface 
available for body-glaze interaction. 


(1942) 
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In preliminary hardness tests on various glazes, the 
values often varied for different portions on the same 
piece (such as top center, bottom, and near the rim). 
This may in part result from the foregoing observation, 
inasmuch as various sections of the bisque have differ- 
ent porosity values; the center is generally more porous 
than the rim. On glost firing, moreover, the same vari- 
able in thermal history might contribute in part to such 
variation. Other factors are localized stress conditions 
and differential film thickness. The heavier glaze film 
is less resistant. 

To previde some data showing the effect of thermal 
history on glaze hardness, four glazes widely different 
in composition were fired in the laboratory kiln at cone 
3 and cone 5down. This increase in firing temperature 
raised the resistance to scratching to a marked degree 
(Fig. 10). All of the data that were obtained in this 


24 


Scratch width (mmx/0”) 
& 
a 
> 9 


Cone femp. 


Fic. 10.—Resistance to scratch vs. glost temperature 
(Lyon scratch-hardness tester). 


experiment have indicated an increase in glaze hardness 
with increasing glost temperature for the same initial 
composition. This may result chiefly from the aug- 
mented body solution by the glaze, although different 
degrees of volatilization of ingredients (such as lead) — 
may enter into the explanation. It was shown experi- 
mentally that decreasing the lead content increased the 
scratch hardness. 


V. Summary 


From the experimental standpoint, differences in 
properties resulting from variations in thermal history 
in commercial firing are sufficient to permit misleading 
evidence in many comparative studies unless the mate- 
rials being compared are fired together in each test. 

From the industrial viewpoint, these small differ- 
ences in properties with slight variations in thermal 
history may have little significance. They are indica- 
tive, however, of wide variations that may occur, in 


at 
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which the uniformity of firing receives less attention 
and in which much greater differences in the firing 
(than those referred to here) are common. Improve- 
ment in quality resulting from progress in uniform firing 
is self-evident. 
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EFFECT OF FIRING sREATMENT ON PHYSICAL PROPERTIES OF 
DRY-PROCESS ENAMELS* 


By Perry C. Anp R. R. DANIELSON 


ABSTRACT 


The relations between the firing treatment and physical properties of some commer- 
cial, antimony-bearing dry-process enamels for cast iron were studied. These proper- 
ties include opacity and resistance to surface abrasion for both acid-resistant and 
regular enamels and acid resistance of the acid-resistant types. In contrast to wet- 
process enamels for sheet steel, these dry-process enamels were found to be little affected 
by the extreme variations in firing which might be encountered in ordinary practice. 


|. Introduction 

The effect of variations in firing on the physical 
properties is important in all ceramic products. This 
relationship is of particular interest in the dry-process 
enamel industry because of the necessity for individual 
treatment of each piece of ware during enameling 
operations which permits variations in firing treatment. 
The literature, however, lacks any reference to the 
relation of the firing treatment of dry-process enamels 
to their physical properties, such as abrasion resist- 
ance, opacity, and acid resistance. 

In a study of the effect of firing treatment on the 
properties of sheet-stee] cover-enamels, Tetrick' showed 
that there is a marked increase in opacity during the 
early part of the fusing period. During the fusing 
of these enamels, full gloss developed before full opacity 
was obtained. Hutchison* has presented data on the 
effect of firing treatment on the surface abrasion of 
wet-process enamels. He concluded that firing plays 
an important part in abrasion resistance and a slight 
underfiring of sheet-steel enamels is generally bene- 
ficial. His results, however, indicate that there is no 
marked difference between normal fired enamels and 
enamels which are overfired. In contrast to the 
, Sheet-steel enamels, a low-temperature, wet-process 
enamel for cast iron showed highest resistance to 
surface abrasion when normally fired although the 
variations caused by the firing treatment were not 
marked. 

In order to obtain data of practical value on these 
relationships, several commercial, antimony-bearing 


* Presented at the Forty-Third Annual Meeting, The 
American Ceramic Society, Baltimore, Md., April 1, 1941 
(Enamel Division). Received May 8, 1941. 

1 J. D. Tetrick, “Opacity Development in Cover Enam- 
els for Sheet Steel,” Jour. Amer. Ceram. Soc., 18 [10] 314- 
18 (1935). 

* Clark Hutchison, “Effect of Various Factors on 
Abrasive Resistance of Porcelain Enamels,”’ Bull. Amer. 
Ceram. Soc., 18 [6] 202-205 (1939). 


dry-process enamels of both the regular and acid- 
resistant types were used in this investigation. 


ll. Firing Treatment 

The enamels were milled to a fineness of 15% of 
residue remaining on a 100-mesh screen and were ap- 
plied to circular cast-iron disks, */\. in. thick by 4*/, in. 
in diameter. Each ground-coated casting was given 
two applications of enamel powder by the dredging 
process in weights comparable to commercial practice. 
The firing temperature for the regular enamels was 
1560°F., and for the acid-resistant enamels, it was 
1600°F. 


TaB.e I 


Frrinc TREATMENT OF ENAMELS 
Firing time for each application (sec.) 


Enamel Short fire Normal fre Long fire 


Regular 
A 45 60 75 
B 45 60 75 
45 60 75 
Acid resistant 
A 65 80 95 
B 55 75 95 
© 65 85 105 
D 65 85 105 


One set of castings was given a short firing that was 
sufficient to produce suitable gloss but not enough to 
eliminate the waviness of the surface. The second set 
was fired normally for sufficient time to give good gloss 
and to allow the enamel surface to level. The third set 
was fired longer until evidence of overfiring developed 
on the edges of the castings, which was not suf- 
ficient, however, to destroy the texture of the enamel 
surface. The length of firing time was varied with the 
degree of refractoriness of the enamels (see Table I). 
These firing periods produced results which are usually 
obtained under commercial conditions in about twice 
the time. 
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lll. Enamel Properties 
(A) Opacity: The Hunter multipurpose reflectome- 
ter was used to determine the reflectance. The re- 
sults of these tests are shown in Table II. It is 


evident that the opacity of these enamels is affected 


only slightly by variations in firing treatment. The 
differences in the reflectance values for any one enamel 
are well within the limits of error for this method of 
application and are of little practical importance. 
It may reasonably be expected, therefore, that any 
variations in the covering power of commercial dry- 
process enamels may be attributed to other factors, 
such as the enamel composition, the preparation, or 
the weight of application. 

(B) Acid Resistance: The acid resistance was 
determined by the P.E.I. Standard Acid-Resistance 
Test® with 10% of citric acid on the acid-resistant enam- 
els A, B, C,and D. All of them passed the test with- 
out evidence of staining, indicating that, within the 
limits of the tests, the acid resistance does not vary with 
firing treatment. 

(C) Surface Abrasion Resistance: The resistance 
to abrasion was determined by the P.E.I. Tentative 
Standard Surface Abrasion Test‘ with certain recently 


* Standard Acid-Resistance Test, Porcelain Enamel 

rT adopted April, 1940; Ceram. Abs., 19 [7] 158 
1940). 

‘ Test for Resistance of Porcelain Enamels to Surface 
Abrasion of the Porcelain Enamel Institute. This tenta- 
tive test was adopted October, 1938, with supplementary 
instructions issued March, 1940. 


developed modifications in the test procedure. This 
test involves abrading the enamel surface by feldspar. 
The specimens are clamped in a suitable container in a 
Rotap machine, and moist feldspar and hard alloy balls 
are rotated over the enamel surface. The resistance 
to abrasion is measured by the loss of gloss of the 
enamel surface and is expressed as the percentage of 
the initial gloss which the abraded surfaces retain. 

The Hunter multipurpose reflectometer was used 
for the gloss measurements. The instrument was 
calibrated according to recent revised instructions.‘ 
Gloss measurements were read on each specimen in 
each of four positions rotated 90° for successive read- 
ings. Subsequent duplicate readings required precise 
location of the specimen which was accomplished by 
the use of a special template to hold the castings. 

For any one specimen, there was usually consider- 
able range in the gloss values obtained in the four posi- 
tions. The deviation was undoubtedly caused by the 
waviness of the enamel surface, which affects the angle 
of incidence and reflection of the light beam (the instru- 
ment is designed for an angle of 45°). The percentage 
of gloss retained, when calculated for each of the four 
positions on any one specimen, was generally lower for 
that position having the higher initial gloss reading. 
The surface abrasion test, therefore, cannot be con- 
sidered so accurate on euamels as on polished glass 
plates or other materials having a plane surface. 

The time of abrasion used in these tests was taken 
as that time required to reduce the surface gloss of 
the standard polished plate glass specimens by 50%. 
For the equipment used in these tests, the time was 


II 


RELATION OF FIRING TREATMENT AND REFLECTANCE 
Reflectance (%) 


Short fire Normal fire Long fire 
Enamel "11 2 3 Avs. 1 2 3 Avs. oe 2 3 Avs. 
Regular 
A 79.7 79.8 78.7 79.4 79.8 80.0 79.3 79.7 79.3 78.9 79.8 79.3 
B 77.6 77.3 77.1 77.3 7.2 77.5 76.9 77.2 77.6 78.0 77.8 77.8 
¢ 77.4 76.8 77.3 77.2 78.0 77.9 78.2 78.0 78.1 77.9 78.1 78.0 
Acid resistant ‘ 
A 82.2 82.0 82.1 82.1 83.0 82.9 82.5 82.8 82.7 82.9 82.8 82.8 
B 79.6 79.9 80.9 80.1 79.4 79.9 81.1 80.1 79.2 81.0 80.9 80.4 
“ 78.8 78.6 79.3 78.9 79.8 79.5 79.3 79.5 80.1 79.1 80.5 79.9 
D 78.4 78.5 79.5 78.8 78.9 78.6 79.5 79.0 78.2 79.2 79.0 78.8 
III 
RELATION OF FIRING TREATMENT AND SURFACE ABRASION RESISTANCE 
Residual gloss of fired specimens after abrasion (%) 
Short fire Normal fre Long fire 
Enamel ‘1 2 3 Avs. 1 2 3 Avs. i 2 3 Avg. 
Regular 
A 54.9 59.0 55.2 56.4 56.1 56.4 54.0 55.5 55.1 55.9 55.9 55.3 
B 53.9 52.7 52.9 53.2 51.6 50.8 55.4 52.6 50.9 50.5 51.5 51.0 
S 52.2 50.8 51.3 51.4 50.9 50.6 51.9 51.1 49.4 47.7 48.9 48.6 
Acid resistant 
A 60.2 62.3 63.6 62.0 60.3 63.3 62.1 61.9 60.1 60.7 62.3 61.0 
B 53.0 52.6 51.0 §2.2 50.1 62.3 52.4 51.6 51.7 48.4 50.4 50.2 
¢ 51.0 52.2 51.3 51.5 50.6 50.7 49.0 50.1 50.3 49.2 51.0 50.2 
D 60.0 61.3 58.1 59.8 59.6 59.4 60.0 59.7 57.7 59.3 58.6 58.5 
(1942) 
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determined as eleven minutes of total rotation. The 
results of the abrasion tests are shown in Table III. 
There is a slight decrease, in general, in resistance to 
surface abrasion with increase of firing time. This de- 
crease is small, however, and it is probably without 
practical significance because the method admits 
similar differences on duplicate specimens given the 
same treatment. 

The differences in resistance between various enam- 
els, however, are significant, and the test method un- 
doubtedly correctly evaluates abrasion resistance and 
approximates closely the dulling effect to which enam- 
els on sanitary ware, table tops, and stoves are subjected 
in service by the use of abrasive scouring powders. 

In addition to the loss of gloss, the abrasion of enamel 
surfaces involves other considerations. Enameled 
sinks, stoves, and table tops encounter materials, such 
as coffee and tea solutions, that cause discoloration 
and stain on ware which has been in service. These 
have no effect on the normal gloss of enamel surfaces, 
but they do affect enamels which have been abraded 
or otherwise attacked. 

The authors have previously suggested that there is a 
relationship between abrasion and staining and that the 
latter might serve as a measure of abrasion. Harri- 
son* has recommended the use of methyl violet dye for 
this purpose under controlled conditions after he had 
investigated the effects of various dyes. The condi- 
tions are as follows: The abraded specimens were 
washed and immersed in a 0.25% solution of methyl 
violet dye for 30 minutes. They were placed in 
a saturated solution of sodium carbonate for one 
minute to set the dye retained on the abraded areas. 
This left a film of dye over the entire specimen. The 
specimens were rubbed lightly with the fingers to re- 
move the excess dye and were returned to the sodium 
carbonate solution for final fixing of the dye; they were 
then rinsed under running water and dried with a soft 
towel. The reflectance was determined on the Hunter 
reflectometer. The ratio of this reflectance to that 
determined on the abraded but unstained specimens 


* Private memorandum to the authors from W. N. 
Harrison, National Bureau of Standards. 


was taken as the index of resistance to staining. The 
reflectance value was found to be inversely propor- 
tional to the absorption of the dye as determined by 
visual estimation of the darkness of the stain. The 
index of resistance to staining, however, was not al- 
ways directly related to the loss of gloss as determined 
by the standard abrasion test method. The dif- 
ficulty lay in the method of staining because the ab- 
sorption of dye by specimens of the same enamel, 
which had the same abrasion index and had been given 
the same staining treatment, was not always consist- 
ent. The fact that there is a definite relation between 
reflectance values and visible stains indicates that the 
method offers possibilities if a dye can be obtained and a 
test procedure developed which will stain the abraded 
portions in proportion to the amount of abrasion. 
Grading the stain by visual observation or reflectance 
determinations would be simpler than measurements of 
gloss before and after abrasion. 


IV. Summary 

(1) This investigation of antimony-bearing dry- 
process enamels emphasizes their stability and the 
contrast to wet-process enamels for sheet steel. These 
dry-process enamels show no variations in opacity 
over a wide firing range, whereas the wet-process enam- 
els containing moderate amounts of antimony com- 
pounds show marked changes in opacity which increases 
up to a certain point after which there is a leveling off 
and in some cases a slight decline on overfiring. 

(2) The acid resistance of commercial dry-process 
enamels was not affected by variations in firing treat- 
ment. 

(3) There was a slight decrease in resistance to sur- 
face abrasion with increase of firing, but the varia- 
tions were not of practical importance. The resistance 
to surface abrasion varied with the individual enamels. 
The most resistant enamels were the acid-resistant type, 
although some regular enamels had better resistance 
than some acid-resistant enamels. 

(4) The dye-stain method merits further study as 
means of measuring abrasion resistance. 


& THermit CorRPoRATION 
Carteret, New Jersey 
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EFFECT OF SET OF ENAMELS ON HYDROMETER READINGS OF THE SLIP* 


By H. L. Cook anp C. H. Woirr 


ABSTRACT 


The operation in enameling that is the most difficult to control is the setting up of en- 
amels for dipping. The difficulty occurs because there has been no practical accurate 
method for measuring the set of the enamel. Practical experience shows that viscosity 


is not an indication of the set or of the dipping weight. 


The method presented consists 


in determining the apparent specific gravity of the enamel slip with true value for the 
specific gravity. Calculations give a numerical value for the value of the set or yield 


point. 


The measurements are accurately reproducible, and dipping weights have been 


found to correlate quite well with the results given of tests in laboratory and p!ants. 


|. Introduction 


(I) Purpose and Scope of Investigation 

Rosenberg and Naylor’ have shown that an indica- 
tion of the set or yield point of an enamel slip can be 
obtained by determining the apparent specific gravity 
with a hydrometer. They showed that when an enamel 
slip is cnanged by the addition of the usual agents which 
affect the set of enamel slips, the apparent specific 
gravity is lowered when the set is reduced and raised 
when the set is increased. The data presented here are 
a continuation of their work. 


Taste I 


AppiTions (5-cc. INCREMENTS) OF 1.5% Soprum Pyro- 
PHOSPHATE So._uTION TO 3000 cc. or GrouNnp Coat 


Total cc. Hydrometer Pick- 
added Sp. gr. Flow reading tt) 
0 1.591 13.5 1.816 19.2 
5 1.591 13.0 1.785 15.9 
10 1.591 12.9 1.750 12.6 
15 1.592 12.8 1.725 10.8 
20 1.592 12.8 1.700 9.6 
25 1.591 12.7 1.685 8.1 
30 1.585 12.7 1.660 8.4 
35 1.585 12.8 1.638 6.3 
40 1.585 12.7 1.620 6.6 
45 1.580 12.7 1.605 6.3 
January 21, 1941 

0 1.599 13.7 1.850 18.6 
45 1.591 12.8 1.630 7.5 
50 1.591 12.8 1.630 7.5 
55 1.585 12.8 1.625 6.9 
60 1.584 12.7 1.615 6.9 
65 1.591 12.7 1.615 6.6 
70 1.585 12.7 1.605 6.6 
75 1.585 12.6 1.605 6.3 


The specific gravity, mobility, hydrometer reading, 
and pick-up on a weigh sheet were determined on a 
series of ground coat enamel slips that were varied by 
the addition of water and other agents to reduce the 
set and of set up agents to increase the set. 


* Presented at the Forty-Third Annual Meeting, The 
American Ceramic Society, Baltimore, Md., April 1, 1941 
(Enamel Division). Received April 2, 1941; revised copy 
received September 29, 1941. 

‘J. E. Rosenberg and W. E. Naylor, ‘““Method and Ap- 
Paratus for Studying the Physical Properties of Viscous 
Liquids.” Presented at Forty-Second Annual Meeting, 
The American Ceramic Society, Toronto, Canada, April, 
1940 (not published). 


(1942) 


Il. Description of Method 

The specific gravity was determined by weighing a 
100-cc. specific gravity bottle filled with the slip. A 
quick method of determining specific gravity was used 
occasionally by adding saturated sodium pyrophos- 
phate solution or the solid salt to the slip and then 
using the hydrometer reading. When the set is en- 
tirely eliminated with sodium pyrophosphate, the hy- 


Taste II 


ApprTions (200-cc. INCREMENTS) OF WaTER TO 5 GALLONS 
or Grounp Coat 


Total cc Hydrometer Pick-u 
Sp. gr. Flow readings (gm./eq. tt.) 
0 1.624 13.6 32 
200 1.600 13.4 1.995 27.8 
400 1.592 13.1 1.960 26.7 
600 1.582 13.0 1.940 24.4 
800 1.576 13.0 1.870 23.7 
1000 1.572 12.9 1.850 21.5 
1200 1.570 12.7 1.805 19.3 
1400 1.569 12.6 1.795 18.2 
1600 1.560 12.5 1.755 16.5 
1800 1.556 12.4 1.735 15.5 
2000 1.550 12.1 1.675 13.3 
2200 1.544 12.1 1.660 11.9 
Taste III 


ApprTions (5-cc. INCREMENTS) oF 10% SoLurion or 
Macnesrum SuLFate To 3000 cc. or Grounp Coat 


Feburary 24, at 


Total cc. ydrometer Pick-up 
added Sp. gr. Flow reading (gm./sq. ft.) 
0 1.559 12.4 1.730 11.1 
5 1.559 12.8 1.770 15.9 
10 1.559 13.0 1.805 21.0 
15 1.559 13.0 1.915 25.5 
20 1.559 13.0 1.945 31.2 
25 1.559 13.1 2.000 34.8 
TaBLe IV 


AppiTiIons oF 10% So.ution or Soprum Nitrite to 3000 
cc. oF Grounp Coat 


Added Total cc. Hydrometer Pick-u 
ce. present Sp. gr. reading tt.) 
0 0 1.565 12.7 1.670 9.6 
25 25 1.560 12.7 1.700 12.6 
25 50 1.556 12.8 1.735 15.3 
25 75 1.552 12.7 1.750 17.4 
50 125 1.543 12.6 1.750 18.6 
50 175 1.532 12.6 1.745 18.6 
50 225 1.524 12.4 1.700 17.4 
50 275 1.516 12.3 1.680 17.4 
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TABLE V 


Appitions (5-cc. INCREMENTS) oF 10% SoLvuTiIon or 
Hyprocstoric Acip To 3000 cc. or Grounp Coat 


Total cc. Hydrometer Pick- 
added. Sp. gr. Flow reading 
0 1.566 12.8 1.705 11.7 
5 1.566 12.7 1.760 15.9 
10 1.566 12.7 1.830 20.1 
15 1.566 13.2 1.940 22.8 
20 1.566 13.4 1.990 24.0 
TaABLe VI 


AppiTions or 10% So.ution or Hyprocuioric Acip To 
cc. or GrouND Coat 


Set reduced with sodium pyrophosphate 


Added Total cc. Hydrometer ay 
ce. present Sp. gr. Flow reading (gm./sq. ft.) 
0 0 1.627 12.6 1.810 12.6 
5 5 1.627 12.7 1.915 16.8 
1 6 1.627 13.8 1.930 21.9 
1 7 1.627 13.8 1.970 24.3 
1 8 1.627 13.8 1.995 25.2 

TABLE VII 


AppiTions (5-cc. INCREMENTS) OF 10% SoLuTION oF 
Macnesrum SuLFaTe To 3000 cc. of Grounp Coat 


Set reduced with sodium 


ydrom- 
Total cc. eter Pick-up 
added Sp. gr. Flow reading (gm./sq. ft.) 
0 1.621 13.2 1.815 14.4 
5 1.621 13.4 1.920 21.3 
10 1.623 13.8 2.015 26.1 
Set reduced with 
sodium pyro- 1.624 13.2 1.785 13.5 
phosphate 
5 1.623 13.2 1.855 17.4 
10 1.623 13.6 1.950 22.5 
15 1.623 13.8 2.005 30.9 


drometer reading approaches the value obtained with a 
pycnometer. 

The mobility was determined by timing the rate of 
flow for 100 cc. of slip from a 200-cc. flow tube. 

The hydrometer reading was determined by placing 
a 1.50 to 2.00 hydrometer in the slip in a 1000-cc. gradu- 
ate cylinder, 2°/, in. in diameter. The size of the 
cylinder is important; a cylinder of smaller diameter 
would lead to errors because its walls would be too 
close to the hydrometer and would cause a drag. The 
method of placing the hydrometer into the slip is also 
important; the velocity with which it drops and the 
degree of immersion before releasing it greatly affect 
the distance that it will sink. To standardize these 
factors, the hydrometer was always immersed to a 
point just where the bulb and stem join and then was 
carefully released. In most hydrometers, the paper 
scale extends exactly to this point and gives a conve- 
nient starting point. Successive readings checked very 
closely with this method. 

Pick-up was determined by using an ordinary, 
ground-coated weigh sheet (1 ft. square) with a hole 
in one corner. The same dipping motions were used in 
each case, and the sheet was hung vertically to drain 
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VIII 


Apprtions (5-cc. INCREMENTS) oF 10% SoLurTIoNn or 
Potassium CARBONATE TO 3000 cc. or GRrouND Coat 


Set reduced with sodium Sypegtenatete 


Total cc. ydrometer Pick-p. 
added Sp. gr. Flow reading (gm./sq ft.) 
0 1.620 13.1 1.785 14.1 
5 1.620 13.0 1.850 15.9 
10 1.620 13.1 1.860 18.3 
15 1.620 13.2 1.905 20.4 
20 1.620 13.2 1.935 21.9 
25 1.620 13.2 1.940 22.8 
30 1.621 13.2 1.955 23.7 
35 1.621 13.2 1.970 25.5 
40 1.621 13.2 1.965 25.8 
45 1.621 13.2 1.960 25.2 
50 1.621 13.2 1.940 24.6 
55 1.621 13.2 1.920 22.8 
60 1.621 13.2 1.855 19.5 
65 1.622 13.2 1.820 16.2 
70 1.622 13.2 1.795 15.9 
75 1.622 13.0 1.770 14.1 
80 1.622 13.0 1.775 12.9 
85 1.622 13.0 1.770 12.9 
90 1.623 13.0 1.780 12.3 
TaBLe IX 


AppiTIons oF 10% So_utTion or Soprum CARBONATE TO 
3000 cc. or Grounp Coat 


Added Total cc. Hydrometer Pick-u 
cc. present Sp. gr. Flow reading (gm./sq. ft.) 
0 0 1.602 13.2 1.985 31.8 
15 15 1.601 13.2 1.965 31.2 
15 30 1.600 13.2 1.945 30.0 
20 50 1.599 13.1 1.880 25.8 
25 75 1.595 12.8 1.730 14.4 
25 100 1.591 12.6 1.680 10.5 


to one corner. The edges were not wiped, but the drop 


- at the tip of the sheet was removed. The pick-up is 


expressed in grams per square foot of dry weight per 
one side. 


lll. Interpretation of Results 

The data show definitely that the pick-up and hy- 
drometer reading are closely related, whereas the spe- 
cific gravity and mobility have little or no bearing on 
the set. It is possible to establish a mathematical re- 
lationship between the hydrometer reading and the 
pick-up value of the enamel in any one set of data, 
but this same relationship will not hold true for another 
set of data. If the frit, clay, or electrolyte is changed, 
then the hydrometer reading will change for a given 
pick-up. If additional data are obtained, however, it 
becomes obvious that the hydrometer reading changes 
as the pick-up value changes. The specific gravity 
may be a function of the hydrometer reading, but at- 
tempts to bring the specific gravity value into the equa- 
tion were unsuccessful. 

In its present state of development, the hydrometer 
method is hardly a shop method of determining set. 
Additional data, however, may reveal other factors, 
and a mathematical relationship may be determined 
later. 


Tue O. Hommert Company 
PITTSBURGH, PENNSYLVANIA 
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DECREPITUDE OF OLD BOTTLES: AGING, WEATHERIN 


TION COMPARED WITH USE AND ABUSE * 


By L. G. GHERING AND F. W. Preston 


ABSTRACT 


The users of bottles often say that old bottles are stronger than new ones. This is un- 
true because (1) any greater breakage on the first filling can be attributed to abnormally 
weak bottles or bottles cracked during shipment; the survivors may give less breakage 
on the second and third fillings, but the strength of the individual bottle has not 
actually increased; and (2) the statement is based on the faulty assumption that bottles 
are not weakened by use. 

Experimental tests on fruit jars in the absence of use do not show a decrease in the 
thermal-shock strength after seven years of aging plus three years of weathering by 
temperature changes, rain, snow, and sunshine. Neither does weathering for three years 
nor solarization in the direct rays of the July and August sun produce any decrease in the 
internal pressure strength of bottles. 

Mechanical strength tests, fracture diagnoses, and statistical surveys of the perform- 
ance of bottles in service, however, show that the strength of glass containers deteriorates 
because of mechanical wear, use, and abuse. 


G, AND SOLARIZA- 


Introduction 

Six or eight years ago, this laboratory was informed 
by firms engaged in bottling carbonated beverages that 
old bottles were stronger than new. A consignment of 
new bottles commonly included some that were weak 
which broke early in their careers and usually on the 
first filling, and there remained behind a selected qual- 
ity of the stronger bottles. Further elimination oc- 
curred in subsequent history, and by a process of natural 
selection ultimately only the strongest bottles re- 
mained. This argument sounds logical, but it was 
claimed that actual hydrostatic-pressure tests had 
proved this theory to be true. 

The pressure tests, unfortunately, had been made at 
a time when the conditions for accurate testing were 
unknown, when primitive test apparatus was used, 
and when a great deal of the “‘personal equation” was 
involved. The present writers, moreover, have never 
been convinced of the validity of these statements, 
which raises the question of the “‘logic’’ contained in the 
first paragraph. 

Bottles used for carbonated beverages are usually so 
strong when they are first made that there is no reason 
why any of them should break on the first filling, that 
is, there is usually a great “factor of safety,” and if the 
bottle breaks, something illogical has already occurred, 

It was customary about ten years ago for a manufac- 
turer of bottles to guarantee that not more than 2% 
would break on the first filling. In one case, this offer 
proved to be a sort of bonus given to the client because, 
although the bottles did not break, the customer put 
in the claim for more bottles anyway. Sometimes this 
claim involved a substantial number of bottles, and be- 
cause broken glass was just broken glass and either 
party could diagnose anything as to the cause of the 
trouble, the manufacturer and purchaser haggled out a 
bargain in settlement. Under these conditions, the 
purchaser could claim to his own advantage that the 


* Received July 26, 1941. 
(1942) 


manufacturer was not making good bottles and that 
the old bottles were the strongest. 

The failure of the logic stated in the first paragraph 
arises from an implicit assumption that bottles cannot 
be weakened in use, that is, they can only be broken 
entirely or left perfect as if new. This is far from true. 
It is true that careful use does not weaken a bottle, but 
careful use is not the lot of bottles. Abuse is the rule. 
This abuse, namely, battering and scratching and 
chipping, greatly reduces the strength of the bottle, so 
that in many bottling plants, there are bottles in all 
states of decrepitude from the brand new to the “‘all- 
but-broken.” 

Until the development of precision testing machinery 
within the last few years, it was practically impossible 
to get adequate evidence of how the deterioration took 
place. The literature contained but little information 
on the effect of aging and weathering, and scme users 
continued to deny that any deterioration occurred even 
through use and abuse. 

A great deal more information is available now. 
This has arisen in three principal ways, namely, (1) 
the means of testing the strength with precision are 
available; (2) fractures may be diagnosed to show 
that there has been preliminary weakening and its 
cause; and (3) statistical methods, applied in carbon- 
ating plants to the actual breakage encountered, have 
proved the existence and even the seriousness of this 
deterioration. 

It is now known that the storage of bottles for years 
at the point of manufacture rarely produces any measur- 
able diminution of strength, that solarization for 
months in intense sunlight produces no measurable de- 
cline in strength, and that weathering in the open for 
years, exposed to sun, snow, rain, and wind, produces 
no measurable decrease of strength. It is also true that 
normal use and abuse in bottling plants does produce a 
continuous decline of strength. In Theodore Roose- 
velt’s words, the bottle does not rust out; it wears out. 

Some of the evidence that bottles deteriorate only 
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through mechanical wear and abuse and not by aging 
is given in the experimental results that follow. 


ll. Experimental Results of Weathering Tests on 
Glass Jars 
The household fruit jars used in the weathering tests 


are described in Table I; about one-half gross of each 
type was available. 


Taste I 
Jars AVAILABLE FoR TESTS 
Type Date of manufacture 
(1) Quart, square, glass top 1931 
(3) Quart, square, screw top 1934 
(4 oe oe 1937 
(5) Half pint, square, screw top 1936 


The bottles were received from the manufacturer in 
January, 1938; before shipment, they were stored in 
the manufacturer’s warehouse in sealed cardboard car- 
tons with the lids on the jars. Because these cartons 
tend to prevent condensation of moisture on the glass, 
only aging (and no weathering) of the jars was con- 
sidered to have taken place in the warehouse storage. 

The degree of annealing of the various lots was the 
same, that is, temper 2 to temper 4. All were reason- 
ably free from cord and had average commercial distri- 
bution, although the 1937 jars were somewhat better 
than the older ones. 

In January, 1938, 36 of each of the five types of jars 
were given a thermal-shock test, which is the most 
practical mechanical-strength test to apply to a fruit 
jar. ~The thermal-shock test was carried out on the 
Preston automatic thermal-shock apparatus' and con- 
formed to the A.S.T.M. thermal-shock test.? The test 
was started at 80°F. differential and then repeated pro- 
gressively at 5°F. higher differentials in order to obtain 
both the initial and 50% breakage thermal-shock dif- 
ferentials. 

The other 36 jars of each of the five types were then 
subjected to a weathering treatment, which consisted in 
taking them outside the building, removing the caps, 
and laying them on their sides on the ground so that 
they were exposed to temperature changes, rain, snow, 
and sunshine. Under such conditions, moisture alter- 
nately collected on and evaporated from both the inside 
and outside surfaces of the glass. The jars were al- 
lowed to lie in this position unmolested for three years, 
one half of the time shaded in a slightly wooded section 
and the other half entirely exposed to the direct rays 
of the sun, the change in position being made after one 
and one-half years. The weathering treatment, there- 
tore, included some solarization during the summer 
months. In January, 1941, the weathered jars were 
then given the same thermal shock test which the non- 
weathered jars received in January, 1938, and the re- 
sults are shown in Table II. 


1 F. W. Preston, “Bottle Breakage, Causes and Types of 
Fractures,” Bull. Amer. Ceram. Soc., 18 [2] 35-60 (1939). 

2 Tentative Method of Thermal-Shock Test on Glass 
Containers, A.S.T.M. Designation C149-40T, issued 1939; 
revised August 28, 1940. 
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lil. Discussion of Results on Weathering Tests 

The changes in the initial breakage of the five differ- 
ent lots produced by three years of weathering are 0, 0, 
—10, —5, and +8, respectively. The changes in the 
50% breakage were +8, +2, —2, +9, +2, respectively. 
These changes are within the experimental errors on 
36 jar samples. Three years of weathering, therefore, 
would produce no appreciable change in the thermal- 
shock strength of glass fruit jars. 

These data are subject to the criticism that each test 
was made on only 36 jars, whereas the 1940 A.S.T.M. 
test recommends samples of 100 for a test of this sort. 
This test was started two years before the A S.T.M. 
specification was formulated, and it is the only available 
data on the subject; it is submitted here for what it is 
worth in preference to waiting several years in order to 
carry out a new experiment with samples of 100 or more. 


IV. Effect of Aging During Warehouse Storage 

The relatively recent A.S.T.M. strength tests used in 
the laboratory tests, unfortunately, were not made at 
the time that the 1931, 1934, and 1936 jars were manu- 
factured, and, therefore, there are no «direct experimen- 
tal data on the effect on strength of warehouse aging in 
cartons, which would be seven years of aging in the case 
of the 1931 jars. The tests made in this laboratory in 
1938 show that the not-weathered 1937 glass-top jars 
were slightly stronger than the 1931 jars and that the 
1937 screw-cap type top were stronger than those made 
in 1934. 

These differences, however, are accounted for by the 
fact that the 1937 jars were less cordy and had some- 
what better distribution than the older jars. The lower 
strength of the 1931 and 1934 jars as compared with the 
greater strength (persisting for three years) of the 1937 
jars therefore should not be interpreted as a deteriora- 
tion of the older jars due to the agi: g in the sealed car- 
tons (six years for the glass top jars and three years for 
the screw top). 


V. Experimental Results on Effect of Solerization 
and Weathering 

A group of 450 recently manufactured 10'/;-oz. 

weight, 12-0z. capacity, flint steinie beer bottles were 

available for this experiment. These were taken con- 


TaBLe II 
RESULTS OF THERMAL-SHOCK TESTS 


breakage (°F.) 
Type Vintage Initial 50% 


Quart, square (glass top) 1931* 85 102 
1931f 85 110 


Quart, square (glass top) 1937* 90 119 
1937 90 121 

Quart, square (screw cap) 1934 100 105 

1934t 90 103 

Quart, square (screw cap) 1937* 95 113 
90 122 

Half pint, square (screwcap) 1936* 96t 124 
1936 104} 126 

* Not weathered. 

+ Weathered. 

t Differential progressively increased 4° instead of 5°F 
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secutively from the lehr without glass-to-glass contact 
and packed in individual cell cartons. In the solariza- 
tion test, all were taken outside and set upright on card- 
board exposed to the direct rays of the midsummer sun. 
Group A, consisting of 150 bottles, was immediately 
brought back into the laboratory and tested; group B 
was allowed to solarize and weather in the sun for two 
months (July and August) and then was tested in the 
same manner as group A; grour C, consisting of 150 
bottles, was placed in a shaded area and allowed to 
weather for three years. 

The A.S.T.M. Hydrostatic Pressure Test* was used, 
starting at 250 Ib. per sq. in. internal pressure and in- 
creasing 50 Ib. per sq. in. at the end of each minute until 
the bottle burst. The results are given in Table III. 


TaBLe III 


AVERAGE INTERNAL PRESSURE STRENGTH OF SOLARIZED 
AND WEATHERED 


Pressure strength avg. 
Group (Ib. /sq. in.) 
A (not solarized) 338 = 10* 
B (solarized and weathered 2 mo.) 357 = 10* 
C (weathered 3 yr.) 317 +10* 
* Probable error. 


Solarization plus weathering over a period of two 
months as well as weathering for three years produced 
no significant change in strength inasmuch as the experi- 
mental error is somewhat greater than the probable 
error, which is listed in Table III and is calculated on 
the assumption that the strength of the bottles in the 
various groups follows the normal distribution curve. 


Vi. Effect of Mechanical Wear and Abuse) 
on Mechanical Stren 

It is well known that the strength of glass containers 
is decreased by mechanical wear, use, and abuse in serv- 
ice. Preston has already given data‘ on Coca Cola 
bottles obtained by Hunter* at this laboratory. It was 
found that new Coca Cola bottles gave only 4% of 
breakage at 400 Ib. per sq. in. internal pressure, whereas 
bottles which had been in service from one to ten years 
gave progressively greater breakage, the breakage being 
27% for bottles ten years old. Because this decrease in 
strength paralleled the visible wear, bruising, and .bat- 
tering inflicted in service, it was concluded that the 
decrease in strength was due to these mechanical effects 
rather than to aging or weathering. 

Thermal-shock strength tests also made by Hunter 
showed a similar decrease in the thermal-shock strength 
of Coca Cola, beer, and ginger ale bottles; here, too, the 
decrease in strength was proportional to the number of 
years the bottles had been in service. 

By an entirely different method of attack, further in- 
formation on the effect of the amount of use and abuse 


* Tentative Method of Hydrostatic Pressure Test on 
Glass Containers, A.S.T.M. Designation C147-40T; see 
also footnotes 1 and 2. 

* F. W. Preston, loc. cit. 

* R.G. Hunter formerly Owens-Illinois delegate with the 
Preston Laboratories. 


(1942) 


on strength has recently been obtained.’ An analysis 
of the breakage of milk bottles occurring in the bottling 
plants showed that most breakage occurred in several 
stages owing to a series of injuries to the surface of the 
glass. The magnitude of the final force which broke 
the bottle, whether impact, internal pressure, or ther- 
mal shock, was not so much an indication of the origi- 
nal strength of the bottle as a reflection of its wear and 
repeated abuses. 

An analysis of many broken bottles and a comparison 
of the number of bottles of a given vintage that broke 
with the number of that vintage in service revealed that 
a milk bottle in its fourth year of service was twice as 
apt to break as one in its first year of service. The 
actual ratios of percentage in breakage to percentage in 
use are given in Table IV. Similar data are being ob- 
tained on other types of bottles and in a large number of 
bottling plants. 


Tasie IV 
RATIO OF BREAKAGE TO Use 
Years of Per cent in breakage 
service Per cent in use 
First 0.82 
Second 0.92 
Third 1.41 
Fourth 1.67 


Vil. Mechanical Abuse Plus Weathering 


New jars and bottles were used in all of the foregoing 
weathering experiments; ware that is badly battered 
and bruised through use has not been subjected to a 
similar test. There is some evidence, however, that 
strong chemical agents will extend fissures and cracks 
that are present in bruised and battered ware and thus 
accelerate deterioration. The deterioration of used 
ware that has been allowed to stand several hours in a 
strong solution of caustic soda, such as in a commercial 
bottle-washer machine or soaker, at elevated tempera- 
tures is an example of chemical attack. Such drastic 
treatment, however, can hardly be termed weathering. 

Any detailed account of the effect of weathering 
on the mechanical strength of battered and bruised 
ware will have to await further experimental work. 


Vill. Conclusions 


The analysis of the performance of bottles in service 
shows clearly that old used bottles are not so strong as 
new ones. The laboratory tests also show a decrease 
in strength resulting from a long life in service. On the 
other hand, aging, weathering, and exposure to sun- 
light in the absence of mechanical wear, use, and abuse 
cause no perceptible change in strength. It must be 
concluded, therefore, that the deterioration of the 
strength of glass containers in service results primarily 
from mechanical wear, use, and abuse. 


Preston LABORATORIES 
PENNS/LVANIA 


5 J. H. Toulouse, “Problems in Handling Glass Contain- 
ers for Milk,” Bull. International Assn. of Milk Dealers, 
33 [9] 223-34 (January 6, 1941). 

* James Bailey, ‘““On Chemical Durability,”’ Glass Ind., 
15 [8] 171-73 (1934); Ceram. Abs., 13 [11] 289 (1934). 
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GLASS-BATCH MIXING* 


By Wayne E. BrRowNeELL AND S. R. SCHOLES 


ABSTRACT 


Laboratory methods of mixing, sampling, and analyzing batches are discussed. The 
idea of segregation of particles by continued mixing is shown to be fallacious. The use of 


1. Introduction 

The importance of good mixing of batch as a pre- 
requisite to the production of homogeneous glass is 
recognized. The factors responsible for good mixing, 
however, are not easily determined, nor is it often 
possible in practice to demonstrate the effectiveness 
of the method in use. The type of mixer employed, 
the speed of rotation, the time of mixing, and the 
physical character of the raw materials enter into the 
problem. The effectiveness of the mixing operation, 
furthermore, may be demonstrated by the sampling 
and analysis of the mixed batch. 


Fic. 1.—Mixer No. 1. 


ll. Apparatus 

Small mixers were built for this work, simulating 
some of the types in commercial use. 

Figure 1 shows the first type of mixer. It is a simple 
drum turned end-over-end and supplied with remov- 
able blades. The capacity of the mixer is about 1400 
cc. A standard three-component batch of 550 cc. was 
used in the experiments. 

The second type of mixer, shown in Figs. 2 and 3, 
is a rotating double cone, equipped with four blades 
adjusted to draw the material toward the center. It is 
driven by an electric motor with a reduction gear pro- 


* Presented at the Forty-Third Annual Meeting, Balti- 
more, Md., April 2, 1941 (Glass Division). Received 
July 19, 1941. 

This paper contains a portion of a bachelor’s thesis by 
W. E. Brownell, New York State College of Ceramics, 
Alfred, N. Y. 


powdered materials to improve the rate and thoroughness of mixing is recommended. 


viding three speeds, and it has a capacity of about 
1000 cc. 


lil. Raw Materials 

Sand, soda ash, and precipitated calcium carbonate 
(whiting) were selected as the principal raw materials 
to be studied. Sand and soda ash appear in most glass 
batches. Although whiting is not physix=‘ly represen- 
tative of many of the commercial! limes, it takes the 
place of one third more finely granular or powdered 
material. These three ingredients, furthermore, are 
quite simply separated for quantitative batch analysis; 


Fic. 2.—Mixer No. 2. 
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Fic. 4.—Influence of fineness of soda ash on degree of 
mixing (5 minutes at 20 r.p.m.). 
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in certain batches, zinc oxide was used to replace 
whiting. 

Screen analysis of the raw materials showed that the 
sand passed completely through 20-mesh and 62% was 
retained on a 70-mesh screen. The granular soda ash 
also passed a 20-mesh screen completely and 40% was 
retained on 70-mesh. The whiting and zinc oxide were 
200-mesh. 


IV. Sampling and Analyses 


The size of a sample in proportion to the entire batch 
isa problem. A small sample may not be representa- 
tive, whereas a large sample offers too much room for 
the balancing of errors. After a number of trials on 
samples ranging from 0.5 to 24 gm., a 10-gm. sample 
from the 550-gm. batch was found to be convenient for 
the analytical operation and for consistent results. 

Samples were lifted by a spoon from several locations 
in the batch as it was dumped from the mixer. All 
of each sample was weighed and used for analysis to 
avoid segregation. 

Each weighed sample was treated with boiling water 
which dissolved only the soda ash. The residue from 
filtration was dried and weighed with the weight of 
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Fic. 6.—Effect of r.p.m. of mixer on degree of mixing 
(5 minutes mix). 
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soda ash given by difference; this residue was treated 
with dilute hydrochloric acid to dissolve the whiting (or 
the zinc oxide). The sand was filtered off, dried, and 
weighed, and the weight of whiting was obtained by 
difference. The percentage of each constituent was 
calculated and compared to the original batch composi- 
tion. 

The accuracy of this method was checked by run- 
ning blank samples containing a known amount of each 
constituent; the analytical error did not exceed 0.1%. 


V. Experimental Results 

A large number of batches were mixed under different 
conditions and analyzed for the comparison of results 
(see Figs. 4 to 10). Figure 4 shows the effect of the 
relative fineness of soda ash on the degree of mixing. 
These batches were mixed for 5 minutes at 20 r.p.m. 
in mixer No.1. The fine soda ash used consisted of the 
ordinary soda ash ground to pass a 200-mesh screen; 
fine soda ash mixes more quickly and intimately with 
sand than does the granular form. Throughout the 
investigation, it was much easier to mix sand and 
whiting than sand and granular soda ash, which does 
not agree with preconceived ideas concerning the ease 
with which two materials of approximately the same 
screen analysis mix. The difference may be due te the 


SAND- SODA ASH - WHITING 
40- 
¥ Soda ash 237% 
CWhiting 440% 
10 10 5 Min 
40 20 20 RPM. 
SAND - WHIT/NG 
81.7% 
404 
--Whiting % 
0 
10 3 Min. 
40 20 20 RPM. 
SAND-SODA ASH 
Sand 72.5 % 
404 
L on 
10 10 10 3 Min. 
40 20 20 15 RPM. 


Fic. 8.—Effect_of addition of whiting on mixing sand 
and soda ash. 
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fact that the density of the individual grains of the 
two materials is different. 

Figure 5 shows how fine soda ash aids in mixing 
sand, soda ash, and whiting. These results were ob- 
tained in mixer No. 2. The use of 200-mesh soda ash 
is undesirable as a batch material because of dust; a 
material between the 20-mesh granular form and the 
pulverized form will give better results (see Fig. 5). 

Figure 6 illustrates the effect of the rotating speed 
of the mixer on the degree of mixing. These batches 
were mixed in mixer No. 1 for 5 minutes using the 
blades, and the earlier trials showed that this process 
improved the operation. The 40 r.p.m. speed is the 


Soda ash 
237% 


Whiting 
40% 


1% Water 


2x 


2% Voter 


Fic. 9.—Effect of water additions on degree of mixing 
(30 r.p.m. to 10 minutes). 
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Fic. 10.—Effect of time and r.p.m. on degree of mixing 
zinc oxide with glass batch. 
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best for this type of apparatus. The optimum speed 
for any mixer depends on its size; it must be slower 
as the size of the mixer increases in order to allow 
time for the movement of the material. 

The effect of time is indicated in Fig. 7. All of these 
<aixcs were made in mixer No. 2. At 1 and 3 minutes, 
mixing was incomplete, but at 5 and 10 minutes the 
best mixing was obtained. The results were not so 
good at 15, 30, and 60 minutes, not because of seg- 
regation but because more of the material tended to 
stick to the blades of the mixer. 

Figure 8 shows that when whiting is used as a third 
ingredient it acts as a distributing agent and that 
better mixing is obtained than when sand and soda ash 
are the only ingredients. The apparatus used-in this 
case was mixer No. 1. 

The effect of the addit:on of water to the batch is 
illustrated in Fig. 9. The batch at the left contained 
2% of water, which was added after the mixing was 
started. At the end of 10 minutes, many lumps ap- 
peared. Water in the next batch was added to the 
sand and thoroughly mixed with it before the other 
constituents were added. In the batch on the right, 
1% of water was added to the sand before the rest of 
the batch was put in. All of these vatches were mixed 
in mixer No. 2 at 30 r.p.m. for 10 minutes. Little 
advantage is gained by the addition of water, and it 
may even have a detrimental effect on the degree of 

Zinc oxide is an example of a material with an ex- 
tremely fine and clinging character which has a tendency 
to ball during the mixing operation. Several sample 
batches containing zinc oxide, soda ash, and sand were 
tested, and the results are shown in Fig. 10. In the 
batch which was mixed for 35 minutes at 40 r.p.m., 
the zinc oxide had been mixed with the sand alone for 


30 minutes before the soda ash was added for the re- 
maining 5 minutes of rotation. 


Vi. Summary and Conclusions 


(1) The grain size of the materials and the density 
of individual particles are important considerations af- 
fecting batch mixing; granulations finer than 20-mesh 
are desirable. 

(2) The presence of one of the batch ingredients (for 
example, whiting, limestone, or hydrated lime) in a 
finely powdered condition promotes good mixing. 

(3) Although it is not possible to prevent the ag- 
glomeration or balling of certain materials, such as zinc 
oxide, this condition may be alleviated by prolonged 
mixing and by preliminary mixing of the troublesome 
material with sand alone. 

(4) The addition of water is detrimental. When 
water is added, in order to prevent dust, it should be 
mixed with the sand before the other ingredients are 
added. 

(5) The proper speed for the mixing device is im- 
portant. Excessive speed may prevent good mixing, 
whereas a low speed continued for sufficient time will 
produce good results. The speed, however, should vary 
with the type and size of the mixture. 

(6) The time of mixing is important when a glass 
batch is mixed. A very short mixing time is sufficient, 
in general, and further mixing does not improve the 
homogeneity of the batch. There is no reason, how- 
ever, to believe that unmixing or segregation can be 
produced by prolonging the mixing operation. When 
a material such as zinc oxide is present, however, the 
mixing time should be prolonged. 
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NETHERLAND PLAZA HOTEL—HEADQUARTERS 


An entire corridor of private dining rooms of all periods and 
design and equipped for meetings and social functions is located 
on the fourth floor. Just off the corridor are two large exhibit 
halls with an immense adjoining elevator to transport large 
machinery and automobile or large equipment. 
The exhibit space parallels the meeting room 
and is separated from it by only a narrow corri- 
dor. 


ake 


The Netherland Plaza might well be called a 
“city within a city” with its many service 
departments. The hotel-has its own print 
shop, laundry, valet shop, housekeeping depart- 
ment, catering department, staff dining room, 
carpenter shop, electric shop, ice plant, and 
many other shops and departments. Located 
in the arcade of the Carew Tower are two of 
Cincinnati’s leading department stores, a drug 
store, and many other shops to answer all 
shopping problems. 


The Carew Tower, of which the hotel is a part, 
predominates the Cincinnati skyline and may 
be seen from a great distance. The central 
location of the Netherland Plaza makes it 


THE NETHERLAND PLAZA easily accessible from all parts of the city. 


Mag 
‘WwW 
+ 


American Ceramic Society 


11 


NY 

BATCH [ 
BATCH CHARGERS Complete FURNACES 
FacTORIES 


Now! In times like the present you can not afford 
to take chances on glass plant equipment. 
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to-get materials but by using Simplex traditional 
designs you can keep going at maximum speed. 


America’s future and your own depends on the 
installation and operation of foremost proven 
equipment. 


See a Simplex representative today. 


FRAZIER-SIMPLEX, INC. 


436 East Beau Street Washington, Penna., U. S. A. 
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Lancaster Iron Works, Inc. 
Norton Co. 
Enameling Iron (Sheet 
American Rolling an Co. 
Enameling Muffles 
Carborundum Co. (Carbofraz) 
Frazier-Simplex, Inc. 
ardson Mfg. Co. of Indiana, 


Norton Co. (Alundum) 
Enameling (Practical Service) 
Ceramic Color & oa Mfg. Co. 
The Hommel, O., Co., 
Ingram-Richardson Mite Co. of Indiana, 


Metal’ & Thermit Corp. 
Porcelain Enamel and Mfg. Co. 
Titanium Alloy & Mfg. Co. 
The Vitro Mfg. Co. 


ls 
Ceramic Color & Chemical Mfg. Co. 


B. F., & Co. 


Co., Inc. 
ingpees-Dichesdesn Mfg. Co. of Indiana, 
nc 
Porcelain Enamel Agee Mfg. Co. 
The on Mfg. Co. 
Enamel 
Ae Color & Chemical Mfg. Co. 
Drakenfeld, B. F., & Co. 
Du Pont de Nemours, E. 1., & Co., Inc., 
R. & H. Chemicals Dept. 
Enamels (Porcelain) 
Ceramic Color & Chemical Mfg. Co. 
The Hommel, O., Co., inc. 
Ingram- Richardson Mfg. Co. of Indiana, 


Inc. 
Porcelaia Enamel and Mfg. Co. 
Titanium Alloy & Mfg. 
mica! Co. 


The Vitro Mfg. Co. 
(Porcelain Ename 
Co., 
Mite Co. of Indiana, 


Equipment 
Color & Chemical 
The Hommel, O., 


F 
eldapar Color & Chemical Mfg. Co. 
Du Pont de Nemours, E. I., & Co., Inc., 
R. & H. Chemicals Dept. 

Eureka Flint & Spar Co. 
Harshaw Chemical Co. 
The Hommel, O., Co., Inc. 
Elwyn L. 
Pa,per Makers Importing Co. 
Pennsylvania Pulverizing Co. 
Porcelain Enamel and Mfg. Co. 
The Vitro Mfg. Co. 

ictakloth Co 

et mpany 

Brick 


Carborundum Co. 
Corhart Refractories Co. 
Denver Fire Clay Co. 
Electro Refractories & Alloys Corp. 
Norton Co. 
Fire Brick—Process Equipment 
Lancaster Iron Works, Inc. 


Spinks, H. 
Thomas 


The Hommel, O., Co., Tuc. 
Maxson, Elwyn L. 
Paper Makers Importing Co. 
Pennsylvania Pulverizing Co. 
Porcelain Enamel and Mfg. Co. 
Flint Pebbles 
Ceramic Color & Congiant Mfg. Co. 
Eureka Flint & Spar Co 
The Hommel, O., Co. 
Ingram- Richardson Site, Go. of Indiana, 


Te. Vitro Mfg. Co. 
Floors (Non-Slip) 
Norton Co. 
Fluorspar 
ee Color & Chemical Mfg. Co 
Harshaw Chemical Co. 
O., Co., Inc. 


Eureka Flint & ng Co. 
Maxson, ave & 
Paper Makers Importing Co. 


Ceramic Color & Shouts Mfg. Co. 
Harshaw Chemical Co 
The Hommel, O., Co., 
Ingram-Richardson Co. of Indians, 
nc 
Porcelain Enamel and Mfg. Co. 
Titanium Alloy & Mfg. Co. 
The Vitro Mfg. Co. 
Mixtures 
Drakenfeld, B. F., & Co. 
Harshaw Chemical Co. 
The Hommel, O., Co., Inc. 
Fuel Oil Systems and Control, Stokers 
Frazier-Simplex, Inc. 
Furnaces 
Carborundum Co. (Cerboradient) 
Denver Fire Clay Co. 
Frazier-Simplex, Inc. 
The Hommel, O., Co., 
Ingram- -Richardson Sate, of Indiana, 


Inc 
Swindell-Dressler Corp. 
Furnaces, Enameling 
Swindell- Dressler 
Glass Bending Ovens, Glass Decorating Me- 
Frasier Saplex, Inc. 


Glass ment 
ron Works, Inc. 


sae eae Du Pont de Nemours, E. I., & Co., Ine. 
R. & H. Chemicals Dept. 
Harshaw Chemical Co. 
te” 
wis 
Maxson, Elwyn L. Fire Clay 
Paper Makers Importing Co. Denver Fire Clay Co. 
i. Ve eee Spinks, H. C., Clay Co. Great Lakes Foundry Sand Co. 
Thomas Alabama Kaolin Co. ny Co. 
ae aolin Co. 
Flint 
Bete Ceramic Color & Chemical Mfg. Co. 
Du Pont de Nemours, E. 1., & Co., Inc., 
R. & H. Chemicals 
vend oe Great Lakes Foundry Sand Co. 
Maxson, Elwyn L. 
fee Paper Makers Importing Co. 
ancaster [ron Works, Inc. 
Proctor & Schwartz, Inc. 
fi. Viay CO F. J. Stokes Machine Company (Slip 
Thomas Alabama Kaolin Co. 
Wea Electrocast Refractories 
Corhart Refractories Co. 
Frenck 
Paper Makers Importing Co. 
WG ay Spinks, H. C., Clay Co. Frit 
Thomas Alabama Kaolin Co. 
< 
Age 
Colors 
Wik 


Tanks and Furnaces 
mplex, Inc. 


Great Lakes Foundry Sand Co. 


Glass Me 
Frazier 
Glass Sand 
Glass Thickness Ga 
Bausch & oe Co. 
Glaze and Body Spar 
Ceramic Color & ag Mfg. Co. 
Du Pont de Nemours. , & Co., Inc., 
R. & H. Cheadceis | bese. 
Eureka Flint & Spar Ce. 
Harshaw Chemical Co. 
The Hommel, O., Co., Inc. 
Maxson, ‘ 
Paper Makers 
Porcelain 
The Vitro Mfg. Co. 
Glazes and Enameis 
Ceramic Color & Coegtent Mfg. Co. 
Drakenfeld, B. F., 
Du Pont de ee , & Co., Inc., 
R. & H. Chemic.'s 
Harshaw Chemical Co. 
The Homme!, O., Co., Inc 
Ingram-Richardson Mfg. Co. of Indiana, 


Porcticia Enamel and Mfg. Co. 

Titanium Alloy & Mfg. Co. 

The —_ Mfg. Co. 

Glaze Spa 

Color & Mfg. Ce. 

Du Pont de Nemours, E. I., & Co., Inc., 
R. & H. Chemicals US 

Eureka Flint & Spar Co. 

Harshaw Chemical Co. 

The Hommel, O., Co., Inc. 

Maxson, Elwyn L. 

Paper Makers Importing Co. 


The Hommel, O., Co., Inc. 


Ceramic Color & Chontent Mfg. Co. 
Drakenfeld, B. F., & Co 
Du Pont de Nemours, E 4a & Co., Inc., 
R. & H. Chemicals Dept. 
Harshaw Chemical Co. 
The Hommel, O., Co., 
The Vitro Mfg. Co. 
Geld Decorations 
Ceramic Color & Chemical Mfg. Co. 
Du Pont de Nemours, K. 1., & Co., Inc., 
R. & H. Dept. 
Co., Inc. 


Co. 
fg. Co. 


ulators 
a Iron Works, Inc. 
. J. Stokes Machine Company 


Gr 
inding’ Wheels Co. (Carborundum and 


Aloztie) 
Norton Co. (Alundum-Crystolon) 
Hearths 
Carborundum Co. (Carbofraz heat treat- 


i 
Corhast Refractories Co. 
Hearthe ‘High Electrically 
( uminous 
Sintered Aluminum Oxide, Silicon 
Carbide) 
Co. 


Hydraulic F Propellers 
— Engineering Co. 

Hydrofiuoric Acid 

Harshaw Chemical Co. 

The Hommel, O., Co., Inc. 
Iron Chromite 

Ceramic Color & “or Mfg. Co. 

Harshaw Cisemica!l Co. 


Iron 
> olling Mill Co. 


Iron “Onide 
Ceramic Color & Chemical Mfg. Co. 
Drakenfeld, B. F., & Co. 

Du Pont de Nemours, E. 1., & Co., Inc., 
R. & H. Chemicals Dept. 

Foote Mineral Co. 

Harshaw Chemical Co. 

The Hommel, O., Co., 

Porcelain Enamel and 

The Vitro Mfg. Co. 


Ceramic Color & Chemical Mfg. Co. 

Hammill & Gillespie, Inc. 

Harshaw Chemical Co. 

The Hommel, O., Co., Inc. 

aper ers Importi 

Thomas Alabama Kaolin Co. 

United Clay Mines Corp. 

The Vitro Mfg. Co. 
Kilns, China (Decorating) 

Denver Fire Clay Co. 

Drakenfeld, B. F., & Co. 

Frazier-Simplex, Inc. 

The Hommel, O., Co., Inc. 

Swindell-Dressler 


Kilns (Electric, Circular, Tunnel) 
Swindell- Dressler =. 
Furniture (Silicon Carbide, Semi-Silicon 


Carbide) (Refractory) 
Electro Refractories & Alloys Corp. 
Louthan Mfg. Co. 


Pennsylv it Mfg. Co. 
tory 
Lehr Tile (High Aluminous Clay, Electrically 
eee bide Aluminum Silicon 
e 


m Co. 
& Alloys Corp. 


Frazier-Simplex, 
Swindell-Dressler C 
Lehbrs (Electric or Fue! Heated) 
Inc. 
winde Dressler Corp. 
Loaders 


Frazier Simplex. Inc. 
Linings (Furnace Refractory, Block Refrac- 
tory Plate, Brick, and Tile) 

Carborundum Co, 

Corhart Refractories Co. 

Denver Fire Clay Co. 

Electro Refractories & Alloys Corp. 

Mfg. Co. of Indiana, 


ne. 
Norton Co. 
The Vitro Mfg. Co. 
Lithium Carbonate 
Ceramic Color & w Ye Mfg. Co. 
Drakenfeld, B. F., & Co. 
Foote Mineral Co. 
Lithium Minerals 
Foote Mineral Co. 
~ 
ational Engineering Co. 
Magnesia (Fused) 
Electro Refractories & Alloys Corp 
Norton Co. 
Magnesia (Sintered, Calcined) 
Drakenfeld, B. F., & 
Du Pont de Nemours, E 
R. & H. Chemicals bee 
Harshaw Chemical Co. 
The Hommel, O., Co., Inc. 
Porcelain Enamei and Mfg. Co. 
Magnesite 
Ceramic Color & Chemical Mfg. Co. 
Drakenfeld, B. F., & Co. 
Du Pont de Nemours, E. I., & Co., Inc., 
R. & H. Chemicals Dept. 
Foote Mineral Co. 
Hammill & Gillespie, Inc. 
Harshaw Chemical Co. 
The Hommel, O., Co., Inc. 
The Vitro Mfg. Go. 
Magnesite Calcined 
Foote Mineral Co. 
The Hommel, O., Co., Inc. 
Magnesium Carbonate 
Ceramic Color & Mfg. Co 
Drakenfeld, B. F., & Co 
Harshaw Chemical Co. 
The Hommel, O., Co., Inc. 


mic Color & Chemical Mfg. Co. 
Drakenfeld, B. F., & Co. 
Du Pont de Nemours, E. Co., Inc., 
R. &. H. Chemic: 
Hammill & Gillespie, Inc. 
Harshaw Chemical Co. 
The Hommel, O., Co., Inc. 
The Vitro Mfg. Co. 
ese Dioxide 
eramic Color & Coonient Mfg. Co. 
Drakenfeld, B. F., 
Foote Mineral Co. 
ese (Oxide) 
eramic Color & Chemical Mfg. Co. 
Corhart Refractories Co. 
Drakenfeld, B. F., & > 
Du ow de Nemours, E 


, & Co., Inc., 


Inc., 


The Hommel, O., Co., Inc 
Masks (Breathing) 
Drakenfeld, B. F., & Co. 


Metals (Porcelain 
American Rolling Mil . 
Micronized Products 
Porcelain Enamel and Mfg. Co. 
Microsco: Polari ) 
a Co. 
Spencer Lens Co. 


Spencer Lens Co. 


mic Color & Coogtect Mfg. Co. 
Du Pont de Nemours, “4 1., & Co., Inc., 
R. & H. Chemicals Dept. 
Foote Mineral Co. 
Hammill & Gillespie, Inc. 
Harshaw Chemica! Co. 
The Hommel, O., Co., 
The Vitro Mfg. Co. 


ers 
National Engineering Co. 
F. J. Stokes Machine Company 


Lancaster Iron Works, Inc. 
Mixers (Laboratory) 
Lancaster Iron Works, Inc. 
tokes Machine 
Mold 
Lancaster Iron Works, Inc. 
Muffies (Furnace) (Laboratory 
Carborundum Co. (Car 
Denver Fire Clay Co. 
Electro ae & Alloys Corp. 
Frazier-Simplex, I 
"Ric ardson Mfg. Co. of Indiana, 


ex) 


Mullere" (Batch) 
Lancaster Iron Works, Inc. 
National Engineering Co. 
Muriatic Acid 
Denver Fire Clay Co. 
Harshaw Chemical Co. 
The Hommel, O., Co., Inc. 
Pennsylvania ‘Salt Mfg. Co. 
Needle Antimony 
Ceramic Color & Chemical Mfg. Co. 
Foote Mineral Co. 
Harshaw Chemical Co. 
The Hommel, O., Co., Inc. 
Nepheline Syenite 
Great Lakes Foundry Sand Co 
Nickel Salts 
Ceramic Color & Chemical Mfg. Co. 
Drakenfeld, B. F., & Co. 
Harshaw Chemical Co. 
The Hommel, O., Co., Inc. 
Nitrates (Cobalt, Sodium) 
Ceramic Color & Chemical Mfg. Co. 
Drakenfeld, B. F., & Co. 
Du Pont de ee EB. 1., & Co., Inc., 
R. & H. Chemicals Dept. 
Harshaw Chemical Co. 
The Hommel, O., Co., Inc. 
The Vitro Mfg. Co. 


Ceramic Color & Chemical Mfg. Co. 
e Homme 

Norbide (Norton 
Norton Co. 

Olivine 
Du Pont de Nemours, E. I., & Co., Inc., 

R. & H. Chemicals Dept. 

Opacifiers 
Ceramic Color & Ghoggeat Mfg. Co. 
Drakenfeld, B. F., & Co. 

Du Pont de Nemours, EB. 1., & Co., Inc., 
R. & H. Chemicals Dept. 

Harshaw 

The Hommel, U., 

Ingram- Richardson Co. of Indiana, 


Inc 
Metal & Thermit Corp. 
Pennsylvania Salt Mfg. Co. 
Porcelain Enamel and Mfg. Co. 
Titanium Alloy & Mfg. Co. 
The Mfg. Co. 


eramic Color & Chemical Mfg. Co. 
Drakenfeld, B. F., & Co. 
Du Pont de Nemours, E. 1., & Co., Inc.., 
R. & H. Chemicals Dept. 


Ceramic Color & Chemical Mfg. Co. 

Drakenfeld, B. F., & Ce 

Du Pont de Nemours, E . 1., & Co., Inc., 
R. & H. Chemicals Dept. 

Harshaw Chemical 

The Hommel, O., Co 

-Richardson "Go. of Indiana, 
ne. 

Metal & Thermit C 

Porcelain Enamel and Mf, 

Titanium Alloy & Mig. 

The Vitro Mfg. Co. 

Palladium Decorations 

Du Pont de Nemours, E. I., & Co., Inc., 
R. & H. Chemicals Dept. 

The Hommel, O., Co., Inc. 

Pins 

The Hommel, O., Co., Inc. 

Industrial Ceramic Products, I 

Ingram-Richardson Mfg. Co. of I Indiana, 


Inc 
Louthan Mfg. Co. 
Potters Supply Co. 
Pins (Tile Setter) 
Louthan Mig. Co. 
Sand 
Great Lakes Fou Sand Co. 
Pennsylvania Pulverizing Co. 
United Clay Mines Corp. 
Platinum Decorations 
Du Pont de Nemours, E. I., & Co., Inc., 
R. & H. Chemicals Dept. 
The O., Co., Inc, 


py & Lomb Optical Co. 
Frazier-Simp’ ne. 


. Co. 


rvolith (s¢ olite Mixers (Concrete. Paving, Road Paving, 
Pin ster, Asphalt, Truck. Mortar, ‘d 
Bituminous) 
Goggles 
old 
Nit 
Gra 
Manga 
a, 
Ma 
M 
Ha 
Min ra 
Mix 
Mixers (Batch) 
Lancaster Iron Works, Inc. 
National Engineering Co. 
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FPor—WALL TILE 
DINNERWARE and 
REFRACTORY BODIES 


LIBERAL SAMPLES FREE 


INTERNATIONAL PULP CO. 


41 PARK ROW 


EMERSON P. Poste 


CONSULTING Cr ICAL Er 


ANALYSES: Ceramic Raw MATERIALS AND PROoUCTS. 
FUELS, IRON ANDO STEEL, ETC. 


SPECIAL. INVESTIGATIONS: PHYSICAL AND CHEMI- 
CAL TESTS ON ENAMEL, ETC. 


308 McCALLIE AVE., 
CHATTANOOGA, TENN 


THE LOUTHAN MANUFACTURING | 


Ceramic SPECIALISTS SINCE 1901 
NEW YORK EAST LIVERPOOL. OHIO 


THE SHARP-SCHURTZ 
COMPANY 


CHEMISTS FOR THE CERAMIC INGUSTRY 


WE HAVE FULLY EQUIPPED LABORATORIES AT 


LANCASTER, OHIO U.S.A 


“World's Most Complete 
Ceramic 


Colors & Oxides 
Chemicals--Supplies 
Equipment 


209 Fourth Avenue | 
PITTSBURGH, PA. 


Pacific Coast Agents 


L. H. BUTCHER Co. 
Los Angele~, Salt Lake City, San Francisco, Portland, Seattle 


CLAYS 


English China and Ball 
HEATING ELEMENTS 
CERAMIC BODIES 
SAGGER USES 


Ceramic Specialties Include 


Whiting : Paris White : Magnesite 
Cornwall Stone : Barium Carbonate 
Zinc Oxide : Enameling Clays: Etc. 


HAMMILL & GILLESPIE, INC. 


Importers since 1848 
225 Broadway New York 


: 
! 
| 
ve 
: 
“ee 
SPUR 
4 THE 
uc 
1S ANGELE 
ales, 
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Porcelain Enameling Service 
American Rolling Mill Co. 
Ceramic Color & Chemical Mig. Co. 


Du Pont de Nemours, E. I., & Co., Inc.. 
R. & H. Chemicals Dept. 

The Hommel, O., Co., Inc. 

Ingram-Richardson Mfg. Co. of Indiana 


Inc. 
Porcelain Enamel and Mfg. Co. 
Titanium Alloy & Mfg. Co. 
The Vitro Mfg. Co. 
Porcelain Enamels 
Ceramic Color & Chemical Mfg. Co. 
The Hommel, O., Co., Inc. 


a -Richardson Mfg. Co. of Indiana,’ 


Porcelain Enamel and Mfg. Co. 
Titanium Alloy & Mfg. Co. 
The Vitro Mfg. Co. 
Potters W 
Denver Fire Clay Co. 
Potash (Carbonate) 
Color & Chemical Mfg. Co. 


Denver Fire Clay Co. 
Electro Refractories & A cu 
McDanel Refractory 
Montgomery Porcelain =. 


Leeds & Northrup Co. 
Pyrometer Instrument Co. 
Pyrometric Cones 
The Edward Orton, Jr., Ceramic Founda- 


Raw Material Handling Equipment 
Frazier-Simplex, Inc. 
Lancaster Iron Works, Inc. 

Refractometers 
Bausch & Lomb Optical Co. 
Electro Refractories & Alloys Corp. 
Spencer Lens Co. 

Refractories 
Carborundum Co. 

Corhart Refractories Co. 
Denver Fire Clay Co. 
Louthan Mfg. Co. 
Norton Co. 

Refractory Materials 
American Lava Corp. 
Carborundum Co. 

Corhart Refractories Co. 

Denver Fire Clay Co. 

Electro Refractories & Alloys Corp. 
Louthan Mig. Co» 

Norton Co. 

Thomas Alabama Kaolin Co. 
Titanium Alloy & Mfg. Co. 


Respirators 
Drakenfeld, B. F., & Co. 
The Hommel, O., Co., Inc. 
Rutile 


Ceramic Color & Gapiet Mfg. Co. 

Drakenfeld, B. F.,&C 

Du Pont de Nemours, &. I., & Co., Inc., 
R. & H. Chemicals Dept. 

Foote Mineral Co. 

Harshaw Chemical Co. 

The Hommel, O., Co., Inc. 

Metal & Thermit Corp. 

The Vitro Mfg. Co. 


ers 
Carborundum Co. 
Electro Refractories & Alloys Corp. 
Co 
otters Supp 
Salt Cake 
American Potash & Chemical 
Ceramic Color & Chemical Mfg. 
Drakenfeld, B. F., & Co. 
Harshaw Chemical Co. 
ennsylvania t 
Sandblast Sand 
Great Lakes Foundry Sand Co. 
Sand Grinder and Sifters 
|_ancaster Iron Works, Inc. 
ponin 
The Hommel, O., Co., Inc. 


Screening and Magnetic 
National Engineering _ 


Selenite of Sodium 
Ceramic Color & Chemical Mfg. Co. 
Drakenfeld, B. F., & Co. 
The Hommel, O., Co., Inc. 
The Vitro Mfg. Co. 


Ceramic Color & Chagetent Mig. Co. 

Drakenfeld, B. F., 

Du Pont de E. I., & Co., Inc., 
micals Dept. 


The Vitro Mfg. Go. 
Setters (Tableware) 


The Hommel, O., Co., Inc. 
Silicate of Soda 
Ceramic Color & Gpoatent Mfg. Co. 
Denver Fire Clay Co 
Harshaw Chemical Co. 


Cerborundum Co. 
Electro Refractories & Alloys Corp. 
Norton Co. 

Firesand 


Electro >. & Alloys Corp. 
Ingram-Richardson Mfg. Co. of Indiana, 


Inc 
Norton Co. 
American Potash & Chemical Corp. 
Ceramic Color & Chemical Mfg. Co. 
Denver Fire Clay Co. 


Du Pont de Nemours, E. I., & Co., Inc., 
R. & H. Chemicals Dept. 


Pennsylvania —_ Mfg. Co. 
Sales 
itro Mfg. 


Du Pont de Nemours, E. I., & Co., Inc., 
R. & H. Chemicals Dept. 
Harshaw Chemical Co. 
The Hommel, O., Co., Inc. 
Metal & Thermit Corp. 
The Vitro Mfg. Co. 
Sodium Fluoride 
Ceramic Color & Chemical Mfg. Co. 
Denver Fire Clay Co. 
Drakenfeld, B. F., & Co. 
Du Pont de Nemours, EB. L., & Co., Inc., 
R. & H. Chemicals Dept. 
Harshaw 
The Hommel, , Inc. 
The Vitro Mig. 
Sodium Metasilicate 
Harshaw Chemical Co. 


Sodium Nitrite 


The Hommel, O., Co., "Ine. 
Sodium Silica Fluoride 
Ceramic Color & Chemient Mfg. Co. 
Du Pont de Nemours, E 1., & Co., Inc., 


The Hommel, O., Co., ‘Ine. 
Sodium Uranate 
Ceramic Color & Mfg. Co. 
Drakenfeld, B. F., & C 
Harshaw Chemical Co. 
The Hommel, O., Co., Inc. 
Soot Blowers 
Frazier-Simplex, Inc. 


Special Machines 
Frazier-Simplex, Inc. 
Spar 


Ceramic Color & Coomiont Mfg. Co. 
Du Pont de Nemours, B. I., & Co., Inc., 
R. & H. Chemicals Dest. 
Pureka Flint & Spar Co. 
Harshaw Chemical Co. 
The Hommel, O., Co., Inc. 
Maxson, Elwyn L. 
Paper Makers Importing Co. 
Pennsyivania Pulverizing Co. 
Vitro Mig. Co. 
Booths 
amic Color & Chemical Mfg. Co. 
The Hommel, O., Co., Inc. 


t 
ats 4. or & Chemical Mfg. Co. 


The Hommel, O., Co., Inc. 


Louthan Mig. Co. 
Potters Supply Co. 


Lancaster Iron Works, Inc. 
Construction 


Steel Plate 
Lancaster Iron Works, Inc. 
The Hommel, O., Co., Inc. 


Industrial Ceramic Products, Inc. 
Potters Bupaiy Co. 

ters Supply 

Acid 


The Hommel, O., Co., Inc. 
Pennsylvania Salt Mfg. Co. 


Ceramic Color & Gheniens Mfg. Co. 

Du Pont de Nemours, BE. I., & Co., Inc.. 
R. & H. Chemicals 

Hammill & Gillespie, Inc. 

Harshaw Chemical Co. 

Hommel, Co., Inc. 

nternational p Company 

Paper Makers Importing Co. 


Frazier-Simplex, Inc. 


Tank Blocks 
Corhart Refractories Co. 
(Pickle) 
The Hommel, O., Co., Inc. 
Tanks for Raw Material Steel or Concrete 
Lancaster Iron Works, Inc. 
Tile (Floor) 
Norton 
Tile (Muffie) 
borundum Co. 
Electro Refractories & Alloys Corp. 
Norton . 
Tile Setter Pins 
Louthan Mfg. Co. 
Tile (Refractory) 


Carborundum ~ Carbofraz) 
Denver Fire C 

Electro & Alloys Corp. 
Norton Co. 

mas Alabama Kaolin Co. 


Ceramic Color & Chemical Mfg. Co. 

Drakenfeld, B. F., & Co. 

Du Pont de Nemours, E. I., & Co., Inc., 
R. & H. Chemicals 

The Hommel, O., Co., Inc. 

Metal & Thermit Corp. 

The Vitro Mfg. Co. 


um 
Ceramic Color & Chemical Mfg. Co. 
Drakenfeld, B. F., & Co. 
Foote Mineral Co. 
Harshaw Chemical Co. 
The Hommel, O., Co., Inc. 
Titanium Alloy & aed Co. 
The Vitro Mfg. © 
Titanium Oxide 
Ceramic Color & et Mfg. Co. 
u Pont de Nem ne., 


Harshaw Chemical Co. 
The Hommel, O., Co., Inc. 
Metal & Thermit Corp. 
Titanium Alloy Mfg. Co. 
The Vitro Mfg. Co 
Trisodium Phosphate 
Harshaw Chemical Co. 
Trucks 
Lancaster Iron Works, Inc. 
Tubes (Insulating) 
Carborundum Co. 
Louthan Mfg. Co. 
McDanel Refractory Porcelain Co. 
Norton Co. 
Tubes (Pyrometer) 
Carborundum Co. 
Denver Fire Clay Co. 
Electro Refractories & Al Corp. 
McDanel Reiractory Porcelain Co. 
Montgomery Porcelain Products Co. 
Norton Co. 
Uranium Oxide 
Ceramic Color & @wt6ey Mfg. Co. 
Drakenfeld, B. F., & Co 
Harshaw Chemical Co. 
The Hommel, O., Co., Inc. 
Uranium Oxide (Yellow-Orange-Black) 
Ceramic Color & Chemical Mfg. Co. 
Drakenfeld, B. F., & Co. 
Du Pont de Nemours, BE. I., & Co., Inc., 
R. & H. Chemicals Dept. 
The Hommel, O., Co., Inc. 
The Vitro Mfg. Co. 
Water Softening Plants 
Frazier-Simplex, Inc. 


Spurs 
Stacks 
Seleni : 
Mineral Co 
Harshaw Chemical Co. 
ime! Ine, 
Denver Fire Clay Co 
Louthan Mfg. Co. Harshaw Chemical Co. : 
Sheets 
American R Mill Co. 
Silica (Fused) Tale 
Electro Refractories & Alloys Corp. ; 
nec., 
Harshaw Chemical Co. 
a Hommel, O., Co., Inc. 
vay Sales 
The Vitro Big. Co, The Hommel, O., Co., Inc. 
Freee Molding Silicon Carbide Tanks 
F. J. Stokes Machine Company (Single 7 
Punch and Rotary) 
Producer Glass Plants 
Frazier-Simplex, Inc. : 
Pug Milis 
Lancaster Iron 
e Mineral . Electro Refractories & Alloys Corp. r 
The Hommel, O., Co., Inc. Slab Pushers—Hydraulic 4 
Pyrometer Tubes Spencer Lens Co. 
Carborundum Co. Slabs (Furnace) 
Montgomery Porcelain Products Co. 
Pyrometer Tubes (Refractory and Hard g 
Porcelain) ia 
Lo 
Pyrometers (Optical, Radiation, Surface, Im- j 
mersion, Needie) 
Tile (Wall) 
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INDUSTRIAL CERAMIC PRODUCTS, Inc. 
MANUFACTURERS 


PINS CONE PLAQUES STILTS 


COLUMBUS, OHIO 


All Types of Cirentar and Straight Tunnel Kiins 


SWINDELL-DRESSLER CORPORATION 


Post Office Box 18838 Pittsburgh, Pa. 
Lehrs and Exameling Furnaces, Electric and Gas Fired 
Full Details Furnished on Request 


FOR CERAMIC INDUSTRY 


Ceramists turn to VOLCLAY when they want more plastic worka- 
bility and greatly increased dried and fired modulus of rupture. 
VOLCLAY is furnished in all grades from coarsely granulated to 
powdered fineness. 


ALSO FOR ENAMELING! 


BC VOLCLAY—the only micron sized grit-free bentonite commer- 
cially available especially prepared for enamels. 


Send for free samples. 


American Colloid Company 
Three Plants 
Main Office — 363 W. Superior St., Chicago, Illinois 


For Fourteen Years the Top Quality 
Colloidal Bentonite. 
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QUICK TOUCH 


applies color 
that’s 


LASTING 


swish of the squeegee across a fine screen— 
/ \ and another glass container is branded with a 


vivid, attractive label! The fired label retains its 
colorful appearance after the many washing and 
sterilizing treatments which are given to return- 
able containers. 

It required many years of research and testing by 
Du Pont ceramic chemists to develop these special 
colors for glass. The industry had long sought 
labels and decorations that would resist acids 
and alkalis. The Du Pont technical laboratory 


CERAMIC 
PRODUCTS 


District Sales Offices: Baltirnore, Boston, Charlotte, Chicago, Cleveland, Kansas este 
Newark, New York, Philadelphia, Pittsburgh, San Francisco 


DIVISION | 


supplied the answer with a complete line of vitri- 
fiable colors. 


This is only one improvement among many that 
Du Pont has given the ceramic and glass indus- 
tries. Now available are new and improved de- 
calcomanias, metallic decorations, glazes and 
stains. 


Put your needs and problems up to Du Pont. 
If we don’t have an immediate answer, we'll work 
with you to find it. 


pu Pont DE NEMOURS & COMPANY 


INCORPORATED 


The R. & H. Chemicals Department 


Wilmingtun, Delaware 
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TOTHE 
NATION® 


eruice to the nation in peace and war 


Following the last World War a bronze and marble group was placed 
in the lobby of the American Telephone and Telegraph Company build- 
ing in New York. On it are inscribed these words, “Service to the 
nation in peace and war.” 

They are more than words. They are the very spirit of the entire 
Bell System organization. In these stirring days, we pledge ourselves 
again to the service of the nation . . . so that “Government of the 
people, by the people, for the people, shall not perish from the earth.” 


BELL TELEPHONE SYSTEM 
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H. C. SPINKS CLAY COMPANY 


Miners and Shippers of 


BALL, SAGGER AND WAD CLAY 
NEWPORT, KY. 


January Ist, 1942 
Mr. Pete Potter 
Comfortable Sanitary Pottery Mfg. Co. 
Pottsville, U. S. A. 


Dear Pete: 


A Happy Year, in the carefree sense, is impossible for Ameri- 
cans during 1942. Wein civilian life must and will get our happi- 
ness through making our best possible efforts to quickly make 
our armed force the largest, strongest and best equipped fighting 
force the world has ever known. 


We of the Spinks Clay Company take humble pride in supplying 
quality clays to the manufacturers of defense materials and 
equipment and necessary civilian supplies. 


We'll do our best for you in 


Sincerely, 


General Manager 
H. C. SPINKS CLAY COMPANY 
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OXIDE ANTIMONY 


Metal & Thermit has an entire plant devoted to the production of 
Oxide of Antimony for ceramic purposes. Part of the output of this 
plant is used in the manufacture of our Sodium Antimonate, the 
remainder is available to producers of ceramic products. And, M & T 
Oxide of Antimony is made with the same care, has all the uniform 
high quality that have so long distinguished M&T Tin Oxide and 


M&T Sodium Antimonate. 


METAL & THERMIT CORPORATION 


Ceramic Department 


120 Broadway * New York, N. Y. 
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